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Charlottesville, December, 1912. 

To His Excellency, Hon. Wm. Hodges Mann, Oovernor of 

Virginia, and Chairman of the State Geological Commission. 

Sir : — I hare the honor to transmit herewith for publication, as Bnlletin 
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This report has been prepared by the Virginia Geological Survey in 
cooperation with the U. S. Geological Survey and should prove of much 
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to Bulletin No. IV, entitled "The Physiography and Geology of the 
Coastal Plain Province of Virginia," published by the Virginia Geological 
Survey in January, 1912. 

Bespectfully submitted, 

Thomas L, Watson, 

Director. 
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UNDERGROUND WATERS OF THE COASTAL PLAIN 
PROVINCE OF VIRGINLA 

BY SAMUEL SANFOHD, 

INTRODUCTION 

l^cope of Report. — Tliis report deals with an investigation of the under- 
ground waters of the Coastal Plain Province of Virginia, a tract of country 
some 9,500 square miles in extent, which roughly corresponds with what 
has been known since Colonial times as Tidewater Virginia. The pur- 
poses of the investigation were to continue the study, begun by Darton, 
of the artesian waters of the Coastal Plain, and to examine the waters 
obtainable by open wells. Thus this report covers the occurrence and char^ 
acter of both shallow and deep waters ; the geological relations of water 
beds; extent of artesian horizons and areas in which flowing wells can be 
had; methods and costs of developing underground water supplies; special 
adaptability of waters for domestic or medicinal use, and their application 
in agricultural and other industries ; the relation of well and spring waters 
to the public health with particular reference to water-borne diseases; in 
short, the report is intended to answer those questions relating to under- 
ground water that would be most likely to occur to any one interested in 
the subject, whether resident, homeseeker, or promoter of industrial enter- 
prises. 

The facts presented were collected through correspondence with post- 
masters, drillers, and well-owners, and through field work. The cor- 
respondence includes the data received in answer to circular letters sent 
out in 1905. The field work was done by the writer in 1906, 1909, and 
1910, chiefly in the fall of 1906. 

Acknowledgments. — The writer is under obligations to N. H. Darton, 
geologist, TJ. S. Geological Survey, for hitherto unpublished data relating 
to a number of wells mentioned in the text. Grateful acknowledgment 
is made of suggestions from M. L. Fuller, formerly geologist, XT. S. 
Geological Survey, regarding particular questions that came up in the 
progress of field work ; and to many well drillers, especially J. H. K. Shan- 
nahan, Easton, Md.; E. H, Milligan, Crisfield, Md.; 0. D. Hale, Whealton, 
Va. ; I. B. Clark, Accomac, Va. ; L. Rude, Tilghman, Md. ; S. H. Fetter- 
holf, Achilles, Va.; H. E. Shimp, Cappahosic, Va.; J. W. T. Robertson, 
White Haven, Md.; and J. V. Bray, West Point, 'W&., for information 
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2 rSDEBGROtNtt WATER BESOITICES OF COASTAL PLAIN PBOVINTE, 

regarding well? and the txTvirreiice of artesian watern. Acknowledjrment 
is also made to Froehling and Robertson of Richmond, Va, ; W. H. Taylor 
of Richmond. Va. ; the H. Bentley Smith Company of Philadelphia, Pa.; 
and the Sparrow's Point Boiler Company of Baltimore, Md., for kindly 
furm'shed copies of analyses of well waters. Many of the analyses were 
submitted to R. B. Dole and Chase Palmer of the U. S. fleological Survey, 
for rfconipiitation to express results in the form adopted by the Federal 
Survey. Finally, the writer thanks the hundreds of persons who gave 
information regarding particular wells. 

LiieraUtre. — Though many references to the wells and springs of Tide- 
water Virginia appear in narratives of travelers, in descriptions of various 
points of interest, and in accounts of military campaigns, the literature 
distinctly relating to underground waters is .scanty, and is largely confined 
to the writings of Darton. His contributions comprise a paper before the 
American Institute of Mining Engineers," a bulletin on Artesian Prospects 
in the Atlantic Coastal Plain,* and mention of underground waters in the 
Washington, Fredericksburg, Somini, and Norfolk folios, Nos. 13, 23, 70, 
and 80, respectively, of the Geologic Atlas of the United States. By far 
the most important one of these is the bulletin on artesian prospects. It 
reviews the geologic relations of the water beds, rontains a number of well 
records, many of which are reproduced in this report, and briefly indicates 
the outlook for artesian water in each of the Coastal Plain counties. 
Fuller and Darton" re-stated Darton's views in Water Supply Paper, No. 
114, and Fuller summarized his own conclusions in a paper before the 
American Waterworks Association.'' The conclusions of Darton and Puller, 
chiefly those expressed by Darton in Bulletin \o. 138 of the U. S. 
(Jeological Survey, have been briefly summarized by Watson*" in a volume 
prepared for the Virgina Jamestown Exposition Commission. 

The underground waters of tlio St. Mary's quadrangle, which includes 
a very small portion of Westmoreland County, are discussed hy B. L. Miller 
in Folio Xo. 136 of the United States Gooiogicnl Survey. 

aDartor. N. 11., Artesian WpII Priispwts in IJiBtiTii Virninia, llB.r3-l&nd, and 
Delaware, Trans, .Amer. Inst. Min. Krgs., 1905. vol. 24, pp. 372-3)17. 

bDarton, N. H.. ArtcBian Well PrMpectn in tlie Atlantic Conxtal Plain Region, 
Bull. U. S, Geo!. Survey No. 1.18, 1398. pp. 162-lBO. 

cFuller, M. I.., and Darton. N. H„ I''ndpr(;roun[| WatcrB <if Eastern I'nited 
States, U. S. Geol. Survey. Water Supply Paper Nn. 114. 1005, pp. 127-135, 

ilFnller. il. L„ Artesian Waters of the .«laiitic Ciiastal Plain, Amer, W. W. 
Ass'n. 1907. 

nvatson, T. I... Mineral Resciurcf'. of Virpinia. 1907, pp. 2118.27.^. 
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INTRODUCTION. 3 

The publications mentioned deal chiefly with geologic conditions and 
particularly with artesian wat«r ; references to the composition of the wat«rs 
are largely limited to an occasional analysis. W. B. Rogers" in his report 
for 1835 gives an analysis of a spring at Williamsburg. In the Norfolk 
Folio. Darton gives analyses of the water from two flowing wells. Fon- 
taine* has mentioned an alum spring near Fredericksburg. Peale, in 
Bulletin Xo. 32 of the TT. S. Geological Survey, gives the anaylsis of a 
spring near Richmond. Haywood, in Bulletin No. 91 of the TT. S. Bureau 
of Chemistry, gives a detailed analysis of a spring in Alexandria County. 
Froehling and Robertson" have published anaylses of five springs, two of 
which are mentioned by Watson in the report already cited; and Fuller, 
in his paper before the American Water Works Association, briefly refers 
to the quality of the water from different horizons, and the general char- 
acter of the mineralization. 

Nowhere, so far as the writer is aware, have the characteristic features 
of the artesian waters of most of the Virginia Coastal Plain been discussed 
at length. 

EesvUn of invesiigation. — The study of the Coastal Plain formations 
in Virginia, the examination of springs and wells, and the analyses of the 
waters, have shown that plenty of water is to he had, and except in a 
limited area in the southeastern and eastern part of the Coastal Plain 
artesian supplies of abundant flow and excellently adapted for domestic pur- 
poses can be obtained without difficulty. Enough deep wells have been 
sunk to prove the existence of several widely extending series of beds con- 
taining water-bearing sands, and it is possible to say at what depth, at 
most localities, a particular series of beds can be found. 

Dug wells are so cheaply sunk that they have become the main source 
of domestic supply. Many such wells from their location and the insuffi- 
cient precaution against the entrance of water contaminated by organic 
wastes may frequently become dangerous to the public health. But dug 
wells properly located and protected will, in many places, yield entirely 
satisfactory supplies. The deposits underlying the terraces on which stand 
many of the towns and villages of the Coastal Plain transmit water readily, 
hence springs issuing from such terraces or shallow wells in the villages 
are easily polluted by filth from vault privies and from cesspools. 

oRofierB. W. B., A reprint of Annual Reports ami otiiev papers on tlie Geology 
of the Virginias. 1884, p. 40. 

eFontaine, W. M.. The Potomac Formation in VirKiniu, Bull. U. S. Geol. 
Survey No. 14G, 1890, p. 08. 

cFroeliling, Hpnry. and Robertson. Andrew. A hand-book prepared for the Vir- 
ginia Commission to the St. Louis E\poBition. Ifl04, pp. n7-15D, 
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4 DNDERQHOUND WATEH HES0DRCE8 OP COASTAL FLAIS PBOVINCE. 

The mineral content of the well and spring waters varies greatly at 
different localities, or even in the same locality, hence both the deep and the 
shallow waters are variouslj suitable for domestic use, boiler supply, or 
particular industries. The most striking characteristic of the artesian 
waters of certain formations on the west side of Chesapeake Bay is their 
relatively large content of sodium bicarbonate. In this aspect they differ 
from many deep waters. 
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TOPOGRAPHIC AND GEOLOGIC PROVINCES 
OF VIRGINIA 

General statement. — The State of Virginia includes parts of three great 
topographic and geologic provinces which have been traced from New 
York to Georgia. In Virginia they are called the Allegheny Ridges, the 
Great Valley, the Blue Bidge region, the Piedmont Plateau, and the 
Coastal Plain. The approximate boundaries within the State of these 
provinces are indicated on the accompanying map. The two last are the 
only ones considered in this report. Because of the relations between these 
two provinces, certain features of the Piedmont Plateau are briefly men- 
tioned here. 

PIEDMONT PLATEATT 

General description. — The Piedmont Plateau is a rolling plain that 
slopes gently eastward from the Blue Ridge mountains to where the hard 
rocks which underlie it are overlapped by the relatively unconsolidated 
deposits of the Coastal Plain. Where this plain now lies were once lofty 
hills and mountains, but weathering and the erosive action of the wind 
and the streams has reduced all great inequalities of surface. Since the 
deposition of the Coastal Plain sediments began, the area has been elevated, 
eroded, depressed and slightly tilted several times. It now stands higher 
tlian it did a geologically short time ago. The Piedmont rivers are actively 
deepening their channels, and are swift-flowing and unnavigable. 

The rocks of the Piedmont Plateau comprise crystalline masses, gran- 
ites, gneisses, and schists. The granites and some of the gneisses and schists 
crystallized from a molten state, but others of the gneisses and schists were 
once beds of sand and clay which after consolidating to hard rock lost all 
trace of original structure by mountain-building stresses in time long past. 
The ages of these rocks range from pre-Cambrian to Silurian. Among the 
crystalline masses are detached areas of comparatively little altered rocks, 
reddish, purplish and greenish sandstones, conglomerates and shales, inter- 
sected and parted by intrusions and flows of diabase, a heavy dark-greenish 
crystalline rock. These sedimentary beds and the diabase are of Triassic 
age, and the former belongs to the Newark series. 

The eastward extent of the Piedmont rocks is unknown. They underlie 
the Coastal Plain and can be reached anywhere in Tidewater Virginia by 
wells of sufficient depth. 
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COASTAL PLAIN. 7 

COASTAL FIAIN 

General description.— Seaward from the Piedmont extends tlie lower- 
lying Coastal Plain characterized by its sluggish tidal rivers, stretches of 
flat land, and absence of hard rocks. Under the ocean the Coastal Plain 
beds reach the edge of the Continental shelf, a hundred miles off the 
Virginia coast. 

Gravels, sands, clays, loams, and shell marls make up the great bulk of 
the Coastal Plain deposits in Virginia. In places some of the sands have 
been L'onaoli dated to sandstones and the clays to shales; in places, also, are 
shell beds so compact as to form lime rock, but there are no extensive areas 
of heavy-bedded limestones, such as are found in the Coastal Plain of 
Xorth t.'arolina and of tlie states farther south. The "rocks" reported by 
drillers are mostly thin, irregular layers of limited extent. Some appar- 
ently are compacted shell beds but many are streaks or lumps of indurated 
sand in which the individual grains are cemented by silica or lime. The 
maxinmiu thickness of the Coastal Plain formations in Virginia has not 
been determined. It may exceed 3,500 feet, 

GEOGRAPHIC POSITION 

The Coastal Plain of Virginia lies east of a line running through 
Em))oria, Petersburg, Hiclimond, Fredericksburg and Alexandria, this line, 
from Emporia to north of Fredericksburg, corresponding nearly with the 
meridian of 77" 2.V. Its length from the Xorth Carolina line to the Poto- 
mac River at Alexandria is 185 miles. The maximum width, from 
Assateague Island to west of Milford, is about 115 miles. The total area is 
about 9,500 square miles. 

CLIMATE 

The climate of Tidewater Virginia is mild; nearness to the ocean tends 
to temper extremes of heat and cold. The following table gives mean 
annual temperatures for varying terms of years at a number of places, 
together with the mean monthly maximum and minimum temperatures. 
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Temperatures in Tidewater Virgin- 
(Degrees Fahrenheit.) 

p, pNo. years obs.' Meftn 

[ made ' annual 

Ashland | 15 BO. 7 

Cape Henry 32 58 . 7 

Fredericksburg 17 55 . 8 

Hampton 23 68.0 

Norfolk 36 59 . 

Petersburg 16 67.0 

Quantico » 54. 1 

Richmond 27 58.0 



Month of : Month of 



July 77.7 1 Jan. 
" 77.01 " 

77.6 Feb. 
79.2! " 

78. 6 Jan. 

77.7 ■' 
77.4 Feb. 
TB.2i Jan. 





18 


57.3 1 


" 77.9, " 37.3 


Washington. D. C 


i 16 

3fl 


56.3 

50.3 1 


" 78.0 Feb. 34.6 
" 77 3| Jan. 33.2 



33.3 
39.0 
41.1 

37.0 
28.6 



The climate is humid and the rainfall, whicli is so distributed throvigli 
the year so as to favor the growth of vegetation, ia abundant. The mean 
annual precipitation varies from 52 inches in the southeastern part of the 
province to 41 inches in the northwestern. The larger part of the precipita- 
tion is in the summer and spring, and comparatively little is in the form 
of snow. 

The accompanying table shows the average precipitation at a number 
of places for various terms of years, and also the quarterly periods in 
which precipitation is greatest and least. 

Precipitation in Tidewater Virginia. 



Mean .Mean quarter)}- Mean quarterly 





Inches 


Quarter 


Inches 


Quarter 


Inches 


16 


41.75 










32 


62.34 


Jul.-Sept. 




Oct.-Dec. 


11.21 




42,26 












43.60 












52.08 


Jul.-Sept. 


16.50 


Oct. -Dec. 


10.64 




44.40 












44.09 


Jul.-Sept. 


13.60 


Oct.-Dec. 


8.87 




40.12 










11 


45.86 










36 


41,32 


June-Auff. 


12 57 


Ot.Dec. 


9.36 



Ashland 

Oape Henrii' 

Fredericksburg . . . . 

Hampton 

Norfolk 

Petersburg 

Richmond 

Spottsville 

Williamsburg 

Waahington, D. C. 



A map (Chart 12) issued by the United States Weather Bureau from 
which the accompanying sketch map was made, shows how the rainfall 
diminishes in a northwest direction across Tidewater Virginia. 
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Fig. 2. — Sketch-map eliowing distribution of rainfall in eagtern United States. 
{From U. S. Geol. Survey Water Supply Paper 223, p. 8.) 
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10 UNDERGKOUND WATEE RESOURCES OF COASTAL Pl.AlS PROVINCE. 
TOPOGRAPHY 

General description.— -The average seaward elope of the surface of the 
Coastal Plain of Virginia is about three feet to the mile. This slope is 
enough to cause rapid-flowing rivers, but the Coastal Plain rivers are slug- 
gish because they flow through valleys that have been drowned by a recent 
depression of the land. Chesapeake Bay that crosses the eastern part of 
the plain from north-northwest to south -southeast is the drowned valley 
of a greater Susquehanna River tliat once flowed across the now sub- 
merged part of the plain to reach the ocean, tlicn far east of the present 
shore line. Potomac, Happahannock, and James rivers, the principal 
trihutaries of Chesapeake Bay, are tidal estuaries to the western edge of the 
plain. Here the exposed crystalline rocks make rapids in the rivers; this 
zone of rapids has been called the "fall-line." Because sea-going vessels 
could not go farther inland, trading posts were established near the rapids 
on the different rivers in the early years of the colony, and these settle- 
ments have grown to the cities of Alexandria, Fredericksburg, Richmond, 
and Petersburg. 

Terraces or lerrarp pton.v.— The seaward slope of the Coastal Plain, 
though gentle and as a whole uniform, is, in detail, step-like, broad terraces 
separated by more or less sharply defined scarps running along the river 
valleys and around intervening divides. The higher of these terraces or 
terrace plains, being oldest, are the more eroded; along river valleys and on 
narrow divides they have acquired a rolling surface and are sharply incised 
by the gorges of streams that head in springs or swamps. The lower and 
younger terraces have suffered less from stream attack. Near tide level in 
places the lowest terrace grades into salt marshes: inland in places it 
carries fresh water swamps, of which Dismal Swamp, lying on its widest 
portion, is the largest. 

Topographic types. — Because of the varying elevation and widtli of 
these terraces and their manner of dis.'^ection, three types of topograjihy may 
be distinguished in Tidewater Virginia. They are here designated as tlie 
eastern shore, the western sliore, and the \orth Carolina. 

Tlie eastern shore topography is cliaracterizcd liy the low relief, under 
50 feet, the slight erosion, and the gentle slope of tlie land toward tide 
level. Salt marshes fringe long stretches of the const and tidal civeks reach 
inland up shallow channels. 

The topography of the western sliore is far more varied. Because of the 
narrow divides between the valleys of the Potomac. Rappahannock, York, 
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and James rivers, and because along these rivers near the "fall-line" the 
highest of the terraces lies 200 to 400 feet above tide level, there are high 
cliffs and steep descents. The larger tributaries of the rivers have cut 
back into the divides. Their upper courses, locally called branches or runs, 
flow rapidly through narrow V-shaped valleys or shallow gorges, while the 
tidal lower courses, known as creeks, cross the youngest terrace by shallow 
partly drowned valleys. In places one terrace or another has been cut out 
by the rivers, so that here and there toward the fall line bluffs, or scarps, 
over 100 feet high mark the drop from a high terrace to tide level or the 
lowest terrace. 

The part of the Coastal Plain south of James River has topography of 
the North Carolina type ; that is, it resembles the topography of the north- 
em portion of the North Carolina Coastal Plain, The stream valleys of the 
higher terraces are more open and have lower gradients than to the north ; 
maximum elevations are less; the lower terraces are more extensive. The 
genera! slope of the surface is southeast and the rivers flow to the sounds of 
North Carolina, The above dilferenees in topography determine differences 
in the occurrence of underground waters. 

GEOLOGIC RELATION'S OF COASTAL PLAIN DEPOSITS 

General description. — The generally unconsolidated deposits of the 
Virginia Coastal Plain rest on a floor of crystalline rocks that dips seaward. 
The beds just above bed-rock have an average inclination of about 30 feet 
to the mile ; those laid down last dip 5 feet or less to the mile. Beds with 
steeper dips, 20° to 40°, have been noted in some of the formations, but 
such dips are local. The decrease in the dip from below upwards is a result 
of the initial seaward slope of the crystalline rocks and subsequent eleva- 
tions and depressions. A succession of swings complicated by gentle bow- 
ings or warpings of the bed-rock has alternately carried the coast-line far 
to the eastward or brought it westward of its present position, so each 
great series or group of beds has been laid down on the beveled edges of the 
series below. As the tiitings have varied in direction, the overlap of one 
series has swung across the general strike of the beds In the preceding 
series, and as some formations overlapped unevenly eroded surfaces the 
boundariesi on the west are quite irregular. 

Tliicli-ne.'is of depo.nfs.—Thp maximum total thickness of the succession 
of formations is unknown. The deep welt at Fort Monroe passed through 
2,242 feet of beds; but the total thickness on the Eastern Shore is p 
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greater. At the big bend of Potomac Hiver, northeast of Fredericksburg, 
the "fall-line" — the boundar)' between the Piedmont Plateau and Coastal 
Plain — curves to the east and takes a north-northeast course past 
Alexandria, Washington, and Baltimore. This may indicate a bowing of 
the crystalline rocks into a broad trough having an axis that dips south- 
east. Hence it is possible that at Franklin City, a well would go through 
3.000 feet of sediments before reaching bed-rock. 

CRYSTALLINE HOCKS 

Character and extent. — The crystalline rocks along the western edge 
of the Coastal Plain comprise an extremely old (pre-Cambrian) series of 
gneisses, that originally were probably of igneous origin, intersected by 
intrusions of later granite, and large masses of gneisses and schists of 
doubtful origin, and age, though sedimentary in part and as late as upper 
Ordovician. These later gneisses and schists, like the older rocks, have been 
cut by igneous intrusions and the entire crystalline complex has been so 
mashed by pressure metamorphism, that much of the original structure has 
been obliterated and a complex system of folds and faults confuses rocks 
of widely different age and origin. 

Slightly altered Triaasic sandstones and shales with associated intru- 
sions and flows of diabase underlie the Coastal Plain near Doswell and 
Ashland, but have not been found by deep borings elsewhere. This, how- 
ever, is not surprising in view of the few holes sunk to bed-rock outside the 
immediate vicinity of Eiehmond and the probable limited extent of the 
Triassic rocks. The submerged portion of the Coastal Plain, which extends 
100 miles east of the present shore line, is presumably underlain by crystal- 
line rocks like those above described. 

Bed-rock topography. — The Piedmont Plateau once extended far east of 
its present boundary as on undulating plain, in which scattered hills repre- 
sented rock-masses that had best withstood the wear of wind and rain. The 
streams had reached their limit in down-cutting, and the bed-rock was deeply 
mantled with the products of decay. By a seaward tilting in early Creta- 
ceous time, this mantle was worked over by streams and laid down as beds 
of sand, gra\el, and clay. Since then earth movements have gently warped 
the erj'stailino floor into broad open troughs in some of which the succession 
of sediments is hundreds of feet thicker than on the ridges between. 
Hence, as the present rock-floor represents an original irregular rock sur- 
face, modified by what l>ending has taken place since sedimentation began. 
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depths to bed-rock vary at points equally distant from the "fall-line." 
The Fort Monroe record of 3,348 feet shows the average seaward slope 
between the well and the nearest point where crystalline rocks outcrop is 
33 feet to the mile, but the slope is probably steepest near the "fall-line." 
Xorth of Richmond, particularly along Potomac River, bed-rock slopes 
coastward at a greater rate, and a fall of 100 feet to the mile is indicated 
by the records of wells at Alexandria. This increase may mean that there 
has been faulting of the crystalline rocks near the "fall-line" north of 
Fredericksburg." 

■WATER aUPPLIEB 

The crystalline rocks carry more or less water and along the western 
edge of the Coastal Plain deep wells have been drilled in them. The con- 
ditions governing the occurrence of water in crystalline rocks and in uncon- 
solidated materials are so unlike, that the chief characteristics of the crys- 
talline rocks as water bearers and the quality of their waters are discossed 
in a separate chapter (pages 83-97). 

Although under special conditions water may travel through crystalline 
rocks for considerable distances, in general its circulation is limited. Where 
crystalline rocks are buried by water-filled porous beds, they contain, near 
the porous beds, water of the same general character as the latter. Hence 
it is not to be expected that wells sunk far east of the western margin of the 
Coastal Plain will obtain good water if the overlying unconsolidated beds 
carry water that is not potable. 

( and liar viand, Bull. G«al. Soc. 
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SEDIMENTARY DEPOSITS 

CRETACEOUS 
LOWEB OBETAOEOtrs 

POTOMAC GROrP 

Extent and r/( a rur/cr.— Immediately overlying the crystalline rocks 
througliout nearly all Tidewater Virginia is a great succession of gravels, 
robble beds, sand.s, and clays classed as the Potomac group. This is exposed 
in stream gullies and railroad cuts along the western edge of the Coastal 
Plain from Alexandria to Fredericksburg, near Doswell, and in the valleys 
of James and Appomattox rivers south of Richmond and east of Petersburg. 
The smoothly rounded cobbles are of quartz, or dense vitreous quartzite, 
some dark, some light: cobbles of igneous rocka are rare. The sands fre- 
quently contain grains of feldspar, and where the feldspar grains are asso- 
ciated with angular quartz grains the sand becomes an arkose. The clays 
sliow great variety of color and texture. The proportion of coarse material 
is larger near the bottom of the succession of beds than near the top ; also, 
the upper clays are often rather highly colored, red, yellow and brown, 
ivjiile those toward the bottom have more subdued tints, gray and dark 
green. The sands of the Potomac group, notably in exposures near Rich- 
mond and Petersburg, contain countless balls of clay that vary in diameter 
from an inch to a foot or more. They lie scattered through the sands and 
are even jumbled among hard quartzite boulders of equal diameter. Besides 
these balls the sands in places contain large sharply angular masses of clay 
that appear to have been torn from some bed. Sand and gravel beds com- 
pacted enough to make stone suitable for building rough walls are found 
on Aquia Creek and Apjiomattox River. 

The Potomac beds show such local irregularities of dip that estimates of 
thickness based on dip can not be exact. It is probable that fully 350 feet 
of beds are exposed near Fredericksburg and at least 300 feet on Appomat- 
tox River. Under cover to the east, as shown by deep borings, the group 
thickens decidedly. The well at Fort Monroe went through 1,400 feet of 
material* classed as Potomac by Darton. 

The elevation of the lowest visible beds varies from sea-level at the "fall- 
line" to 250 feet in the divides between Potomac and Aquia creeks, Stafford 
County, and 300 feet on the hills northwest of Alexandria. The average 
eastward dip of the beds is from 30 to 60 feet to the mile. 
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The most striking characteristic of raany Potomac outcrops is the 
heterogeneous mixture of materials. The sands are prevailingly crosB- 
bedded; in places the minor beds are steeply inclined, hut no bed is per- 
sistent for any great distance, and sections a few hundred feet apart in 
bluffs or railroad cuts show little correspondence. North of Fredericksburg 
and in the vicinity of Mount Vernon the upper part of the group is more 
evenly bedded. 

Origin. — The fossils indicate that the Potomac beds as a whole were 
fresli water deposits and the varied aggregation of material in the lower 
beds shows that they were laid down by swiftly-moving currents. The 
fossils are mostly plant remains, impressions of leaves and seeds, with 
here and there lignitized or silicified wood. The animal remains include 
bones of dinosanrs. 

DIVISIONS 

The Potomac beds were first differentiated by W. B. Rogers" 70 years 
ago; he noted their composition and determined closely the boundaries 
of their outcrops. Since then they have been studied in greater or less 
detail by Fontaine, McGee, Ward, Darton, Clark, Bibbins, Miller, and 
Berry, and have been variously subdivided. Owing to the varying composi- 
tion of the beds, distinctions based on lithologic character have proved 
unsatisfactory. On the basis of plant remains the Potomac in A^'irginia is 
divisible into two formations, an older and a younger. The older is known 
as the Patuxent and the younger as the Patapsco, from the typical exposures 
on Patuxent and Patapsco rivers in Maryland.* 

Patuxent formation.— This, the lower of the formations, is traceable 
along river valleys near the "fall-line" from Alexandria to Petersburg. 
It comprises beds of cobbles, gravels and sands with discontinuous beds 
and lenses of clay and scattered clay balls. The sands are arkosic and 
cross-bedded. The clays are usually gray, drab, dark green, or chocolate in 
color. The fossils include plant remains of early Cretaceous types and 
bones of dinosaurs that have Jurassic affinities. The total thickness exposed 
north of Fredericksburg may be S50 feet. The formation dips east 30 to 
60 feet to the mile. 

Patapsco formation. — This formation has been recognized north of 
Fredericksburg and near Mount Vernon. South of Fredericksburg it is 
absent or is overlapped by Eocene and Miocene deposits. The Patapsco is 

uRojiprs, W. B., 'Ilie Gpologj- of the Virginias, 

bClark, W. I)., and Itibbiiis, A., Jour. Gwil. 1887. vol. 5, pp. 470-5011. 
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clayey rather than sandy. The clays are bright-colored, and thicker and 
more evenly stratified than those in the Patuxent. The sanda are lesa 
arkosic. The fossils comprise plant remains of Lower Cretaceous types. 
The exposed thickness of the Patapsco beds may be 150 feet. The forma- 
tion dips east about 30 feet to the mile, 

WATER SUPPLIES 

Sandy beds in the lower formation of the Potomac group, the Patuient, 
underlie almost all the Coastal Plain of Virginia and constitute vast 
reservoirs of water, but as they are deeply buried a short distance east 
of the "fall-line," making their development expensive, only a few wells 
draw on them. Most of these wells are near Alexandria. Near their out- 
crops the lower Potomac sands usually yield excellent water. Sands toward 
the fop of the Patuxent seemingly are not so sure to yield good water. Far 
to the east the supplies become more mineralized and in the Norfolk area 
are too salty to be potable. 

The significance of the disorder of the Patuxent sands to the well 
driller or geologist is that predictions of striking water at a given depth 
at a given place are little better than guess-work unless the records of 
near-by wells are known. Even then close estimates may be erroneous. 
Usually the best that can be done is to give the probable depth to a succes- 
sion of sandy or gravelly beds, some one of which should carry satisfactory 
supplies. 

TTFFEB CKETACEOirS 

The Upper Cretaceous does not outcrop in Virginia. The outcrops of 
Coastal Plain deposits show a well-marked break above the highest beds of 
the Potomac group. Formations belonging to the Pamunkey (Eocene) 
and Chesapeake (Miocene) groups cut across the feather edges of the 
Potomac formations from the northeast. In Marj'land and in North Caro- 
lina beds of Upper Cretaceous age, sands, clays, and greensanda, intervene 
between the Lower Cretaceous and the Eocene deposits. As these beds 
have not been recognized in Virginia in wells less than 30 miles east of 
the "fall-line," their extent under cover in this State is conjectural. How- 
ever, the Magothy formation is found on the heights back of Anacostia, 
D. C, across Potomac River from Alexandria, and the Karitan a few miles 
farther east. Upper Cretaceous beds were penetrated by deep wells at 
Crisfield, Md., Fort Monroe and Norfolk, Va. Back of Anacostia the 
Magothy may be 40 feet thick. Data for estimating the thickness of the 
Upper Cretaceous formations under cover far eastward are not particularly 
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reliable. Darton thought there were 60 feet of ilagothj and 35 feet of 
higher Cretaceous beds at Crisfield, Md., and 120 to 140 feet of "Marine 
Cretaceous" beds at Fort Monroe and Norfolk. 

The Raritan formation of Maryland includes clays much like those of 
the Patapseo with interstratified sands. The Magothy is of more variable 
composition. The Upper Cretaceous material from the deep wells of 
Crisfield, Md., included greensands, fine gray micaceous sands, and dark 
clays. In the Norfolk-Fort Monroe area the Upper Cretaceous deposits 
comprise gray micaceous sands, dark gray, red and green clays, and gray 
sandy clays. Upper Cretaceous fossils have been found north of Fort 
Monroe by deep wells near Selden, Gloucester County, and Fairport, 
Northumberland County. 

TERTIARY 

EOCENE 

PAMUKKEY GROUP 

Extent and character. — Along Potomac River between Aquia Creek and 
Matthias Point ; on the divide between Potomac and Rappahannock rivers ; 
along the latter from 3 miles southeast of Fredericksburg to i miles east 
of Port Hoyal ; on Mattaponi River above Marricossick Creek ; on the 
Pamunkey from Hanover to Piping Tree Ferry; on James River from 
Richmond to Coggins Point; and on the Appomattox between Petersbui^ 
and City Point, are exposures of sands, sandy marls and clays that contain 
abundant marine fossils, mostly shells of mollusks. The clays below tide- 
level are prevailingly dark-colored, usually greenish, but one, exposed in 
outcrops north of Fredericksburg and found by artesian wells along Poto- 
mac and Rappahannock rivers, is reddish to white. The sands range in 
color from light gray through bluish and greenish shades to almost black; 
many are composed of quartz grains with a varied proportion of the small 
irregularly-rounded dark green or black nodules of the mineral glauconite, 
a silicate of potash and iron. When these glauconite grains predominate the 
material becomes a greensand or what well drillers term "black sand." 

In the sands are indurated streaks or nodules that form dense hard rock ; 
these streaks are of irregular thickness and small extent. There are also 
hard beds composed largely of shells. At the base of the Pamunkey is a 
thin but rather persistent bed of dark pebbles or small cobbles. 

The contact between the Potomac and the Pamunkey near the "fall- 
line" in places is decidedly uneven. There is evidence near Richmond and 
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PctiTsburtr, whciv llion' an> iiilicrs of Paniunkoy among liills of PotoinHC 
material, tliat tlio Painimkev was laid down on an irro.siilaHy prodcd sur- 
ftn-c liHvinfT ahnosl as much relief as tlip presont lopojiraphy. Tlio total 
tliicknoss of tlie Pamiinkey beds exposed on Potomnc River is 225 feet. 
Fnlike tlie Potomae proiip, tlie Pamunkey does not thirken greatly under 
eover, and it thins out to the southwest. The well as Crisfield, Md., pene- 
trated possibly l-W feet of it: the lionnfts at Fort Monroe and Xnrfolk not 
over 2."i0 feet and possibly less than 100 feet. South of Petersburg to the 
Xorth Carolina lino there are no definitely identified exposures of Pamun- 
key beds. 

Sinee deposition the Pamunkey beds have bi'en slightly tilted and now 
dip 10 to IS feet to the mile east. Above water-level, owing to the propor- 
tion of iron in the glaueonite and the eauy decay of the mineral, the 
Pamunkey .-^and-s weather to shade" of brown, bnff and yellow: the etays 
also grow brighter, Iniff lieing perhaps Hie color most frequently seen in 
hiffh-Iying exposures. 

I>1VI9I0\-S 

Clark, who has described the Pamunkey in llaryhmd and along Poto- 
mac Hiver in Virginia, divides the group into two fonnafinns. the Aquia 
and the Xanjemoj', of whirh the Aquia contains the greater proportion of 
sandy bed.e and the Xanjenioy the more clay. For a detailed account of 
the Potomae River exposures the reader is referred to reports of the Marv'- 
land and Virginia Surveys." 

.1 qvia formniUm, — This formation is typically exposed along Aquia 
(■reek in Stafford County, where it is 100 feet thick. It comprises hods of 
greensand and <rR'ensand marls eontaining many marine shells of Koeene 
age. Southward it thins out, is overlapped by the Nanjenioy, and is ex- 
posed in few Panninkey outcrops south of Richmond. 

Xanjenioi/ fonnatuin. — This formation, named after Xanjemoy Creek 
in Maryland, outcrops in river valleys from the big bend of Potomae River 
to Petersburg. It does not outcrop further south and at the Xorth Carolina 
line its westei'U boundary may be ;!0 miles east of Emporia. It comprises 
beds of sand, greensand and day, with numerous marine shells. A dis- 
tinctive bed of clay, white at the top. pink at the bottom, marks the base 
on the divide between Potomac and Rappahannoek rivers near Fredericks- 
burg, and has been recognized in wells along those rivers to the east. The 
total thickness of Xanjemoy beds exposed on Potomae River is about 13.5 
feet. 

w. IIHU. !>[.. r>0-71: Clnrk, U". I!.. 
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Brief descriptions of the Pamunkey heds under covef, as reported by 
drillers, are ahoTn in the well records published on succeeding pages. 

WATSE aUPPLIES 

Under much of Tidewater Virginia the Panuinkey group is an im- 
portant source of deep water, though the porous sands which give flowing 
wells are relatively thin and few in comparison to the total thickness of 
sandy material and the number of sand l>eds seen in the outcrops. The 
glaueonite sands, because of the proportion of interstitial space between 
the rounded granules of glaueonite, give up water more easily than (juartz 
sands and sueh open-textured heds full of the dark green or black glaueonite 
are called "water sands" or "true water sands'' by well drillers. 

inOCENE 
CHESAPEAKE GROUP 

Extent and character. — The irregular edge of the Chesapeake cuts 
across the Potomac and Pamunkey beds in a south-southwest direction, and 
south of Rappahannock Hiver to the Xorth Carolina line the Potomac and 
Pamunkey are exposed only in river valleys. On the divides the western 
edge of the Chesapeake rests directly on the crystalline rocks. East of the 
line along which the Pamunkey beds slope below tide-level the Chesapeake 
deposits are hidden only by a thin covering of Columbia material and are 
exposed to river blufEs and in creek valleys nearly to Chesapeake Bay. Thus 
the area in which the Chesapeake outcrops is much greater than the com- 
bined outcrop areas of the Potomac and Pamunkey. 

The Chesapeake beds are prevailingly sandy, with a varying proportion 
of clay. They comprise pure quartz sands, glauconitic sands, sandy clays, 
and beds of marl ; the latter, full of tightly packed marine shells, are widely 
distributed. Some of the sand beds contain glaueonite in scattered grains 
only, others are almost as glauconitic as those in the Pamunkey. Streaks 
and nodules of hard, cemented sand or "rock" occur at many horizons, but 
individually are of small extent. The colors below water-level are subdued, 
varying from light gray through bluish and greenish shades to dark 
greenish gray. 

\ear the base of the Chesapeake are drab and gray beds of clayey or 
iinely sandy material full of the minute siliceous tests of diatoms, forming 
diatomaceoue earth. In places, as just below Wilmont Landing on the Rap- 
pahannock, these diatomaceous earth deposits are 50 feet thick. 
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On exposure the CheBapeake beds weather to brighter tints, buff and 
yellow predominatiDg. The elevation of the highest lying beds ranges from 
250 feet back of Brooke, to about 100 feet near the Virginia-North Carolina 
line. The maximum thickness of the group in Virginia may be 700 feet. 
The dips are southeast and east, about 6 to 10 feet to the mile. In places 
comparatively steep reverse dips up to 30° are seen, but these are of small 
extent. 

DIVISIONS 

Four divisions of the Chesapeake, based chiefly on differences in the 
abundant marine fauna, have been recognized in Virginia by Clark; these 
are the Calvert, Choptank," St. Mary's and Yorktown. This fourfold 
division of the Chesapeake applies to the outcrops west of the bay. The 
relation of the formations far under cover in the eastern and southeastern 
parts of the State has not been established. Deep wells near Norfolk show 
a great thickness of dark, fine sandy clays and clayey sands, and few dis- 
tinctive fossils that might serve as guides in correlating records have been 
saved in drilling. 

Calvert formation. — This formation, the most clayey of the four, has 
been traced along the west edge of the Coastal Plain from Potomac River 
to south of Peteraburg. Farther south it is overlapped by the St. llary's. 
It is well exposed at several localities, notably the bluffs on Rappahannock 
Eiver south of Port Conway. It contains thick diatomaceous earth deposits 
and shell beds with characteristic marine fauna. The maximum thickness 
exposed is 200 feet. The average dip is southeast and east about 10 feet 
to the mile. It is named from Calvert County, Maryland. 

Choptank formation. — This formation is sandier than the Calvert but 
contains a considerable proportion of clayey beds as well as diatomaceous 
earth. It is not exposed anywhere in Virginia but may intervene between 
the Calvert and St. Mary's under cover in the Potomac Valley as it has been 
recognized and mapped in Maryland. 

St. Mary's formation. — This formation consists of bluish and greenish 
sandy clays and gray sand, with many thick beds of shell marl. It is estab- 
lished as a separate formation by the predominance of certain marine shells. 
The thickness is 150 feet and the dip 8 or 10 feet to the mile eastward. 
It is named from St, Mary's County, Maryland, 

Yorktown formation.— This formation succeeds the St. Mary's so con- 
formably that no sharp dividing line has been determined. It is sandy. 



oSot recogniied in Virginia by t'lark anti Miller, Bull, Xck iv, Virginia Geol. 
Sunej", 1912. p. 140. 
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richiy fosailiferous, and at tiie tj-pe locality, Yorktown, contains firm, fairly 
hard rock made up almost entirely of commiauted shells. Its total tliick- 
neaa is over 100 feet. As a whole it slopes seaward at the rate of 6 or 8 
feet to the mile, but in places are fairly steep westward dips. 

WATER SUPPLIES 

From its extent, stratigraphic position, and sandy character, the Chesa- 
peake group IB a notable source of artesian water. It has been tapped by 
many hundreds of inexpensive wells and its deep supplies, except on the 
eastern shore of Chesapeake Bay and in a few counties on the western shore, 
are soft, "light," fresh, and excellently suited to domestic use. The shallow 
waters may be hard from lying in beds of shells or iron-bearing from the 
decav of glauconite. 

FLIOC£irE(T) 

No beds containing distinctive Pliocene fossils have been found in 
Tidewater Virginia. There are such beds in the Coastal Plain of Xorth 
Carolina and of other states southward, notably Florida. The Lafayette 
has been classified as a Pliocene formation. The lithologic resemblances 
between the Lafayette and the Sunderland formation in Virginia are great 
and there ia no definite proof that the Lafayette ie older than Quaternary. 
It is here called Pliocene ( ?). 

Lafayette Formation" 

Extent and character. — The Lafayette is a far-extending but relatively 
thin mantle of clay, sand, and cobbles, in which the finer-textured material 
has in places an orange or reddish tinge. This vast, blanket-like deposit, 
usually gravelly toward the base but loamy near the surface, has been traced 
along the higher portions of the Atlantic Coastal Plain from New Jersey 
to Florida and across the Piedmont to the Blue Bidge. It is characterized 
not only by the bright hues of its loams and clays but by the peculiarly 
irregular and confused arrangement of the materials in many of the 
coarser beds. The formation is high-lying, overlapping the Coastal Plain 
sediments only where they are much above sea-level, and nowhere in Vir- 
ginia reaching tidewater, being cut off seaward or riverward by distinct 
slopes and well-marked scarps. Another peculiarity is a scarcity of fossils, 

oTbe DMne Lafayette vob proposed by Hilgard in 1S91 from Lafayette County, 
Mias. Amer. Oeol. 1891, vol. 8, pp. 129-131. Berry Has recently shown that the 
so-called Lafayette of the type Mction in Lafayette Countv, Miss., ie of Eocene age. 
Jour. Geol. Iflll, vol. IB, pp. 249-258. 
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the organic remains being plant fragments and impressions of no deter- 
minative value. This fur-spread mantle was first recognized as a distinct 
gi'ologie unit by McGee" and named by him the Appomattox formation. 

The total extent of the formation in Virginia has not been determined. 
It covers little of the tidewater country. Its cobbles and gravels rest on the 
crystalline rocks of tiie Piedmont, or on the edges of Potomac, Pamunkey, 
or Chesapeake beds. Usually not over 50 feet thick and nowhere filling the 
gorges, the Lafayette caps the higher interstream plateaus. Its base is 
■ItiO feel above tide at Peach Grove Hill in Fairfax County, and 200 feet 
near Fi-edericksburg. Whether it actually is present at the type locality 
of ilcCiee's Appomattox formation, southeast of Petersburg, is uncertain." 

Along Potomac River north of the great bend the Lafayette is sharply 
interrupted or cut off by the river valley. South of the great Ixind to 
Petersburg the eastern limit of the formation is less clearly defined, but 
probably nowhere extends far east of the "fall-line." it has been traced 
inland back of Fredericksburg for 10 miles, and has been described by 
Shaler and Woodworth" in the Richmond coal basin at altitudes of 350 feet. 

Origin. — The probable origin of the Lafayette has caused much dis- 
cussion. Some geologists have called it a marine formation, others have 
said it was formed by streams. Further investigation may show that tiie 
term Lafayette has been applied to both marine and fluviatile deposits. A 
detailed discussion of the origin lies without the province of this report. 
In Virginia the field relations, varied lithoiogy, heterogeneous assortment of 
materials, and lack of fossils, are evidence in favor of a fluvintile or estua- 
i-iui' rather than a marine origin. 

WATER srri'i.iEs 

The Lafayette gravels are i^-servoirs of ground water for springs and 

dug wells. The supplies tliey furnish are generally limpid and soft, and in 

some places remarkably low in mineral content but, from the limited extent 

of the Lafayette in the Coastal Plain, are important in only a few counties. 



".McGce. \V. J., Tliici- FormntionB of tin- AtlHiilic; Slojie, Aii.er, -Imir. Sci. 3rii 
iwr., 1H««, vol. 25, pp. 120-143. 

l>Tlie writer 13 of the opinion that the ApjHitnattux forrantion in the vicinity of 
Petpisbiirg, as dfseribed by MoGif. includes Colmiibia ln-il3, and that the Lafayette 
bas not been diftcr^ntiated with exaetness there. 

cSlialiT, S. S., and Woodwavth, J. B., Cieology c)f the Richmond Biisin, Virginia, 
loth .\iin. Rept. V. S. Gec.l. Survey, Part 2, pp. 385-5 Ifl, 
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PLEISTOCENE 
COUllBIA GROUP 

Character and exlenl.—OycT most of Tidewater Virginia, resting on 
Miocene, Eocene, or Cretaceous deposits, or on the crystalline rocks of the 
Piedmont, lies a mantle of loam, clays, sands, gravels and cobbles; the 
older gtrata cropping out on river bluffs, in stream gullies, and on eroded 
divides. Like the Lafayette, this mantle shows a prevailing assortment 
into c'oarsc' material at the bottom and fine at the top, and its component 
beds show great differences of color, texture, and arrangement. The clays 
have many hues, from dark gray through yellow or buif to orange and red; 
the coarse material comprises evenly stratified sands and mixtures of sands, 
cobbles, and boulders that seemed dumped in place. 

The Columbia differs from the Lafayette in several details. While the 
latter mantled an undulating surface, the Columbia partly filled river 
gorges and capped intervening divides. The Lafayette forms a sloping 
plain cut off to the seaward and along river valleys by scarps or graded 
slopes; the Columbia comprises several terraces or terrace plains that slope 
seaward and toward river valleys. Large transported boulders are not found 
in the Lafayette, but are common on the river terraces of the Columbia 
toward the "fall-line." Some of these boulders are seven or eight feet loiig, 
have polisiied and striated faces, and have evidently been dropped by ice 
floes. Tlic Columbia loams on the lower terraces are mostly light bnff and 
yellow; on the higher terraces, buff and red; but south of James River 
bright -colored loams are not so <'ommoD as along Potomac River. E\en on 
the liighesi terrace they are often light buff and yellow rather than dark 
bnff, orange, and red. 

The landward elevation of the surface of the highest terrace along the 
"fall-line"' varies from ;!00 fpct west of Alexandria to about l.'iO feet south 
of Petersburg. The surface of the lowest terrace is less tlian 25 feet above 
tide and extends to sea-levol in many places. The only fossils found in the 
clays of the higiier terrace arc plant remains. The lowest terrace contains 
plant remains and marine shells. 

DIVISIONS 

In Maryland, three lorraces were distinguished by Shattuck" and traced 
across ihe Mlatc. Ho found that while each terrace sloped seaward and 

"Shattuek. G. B., Tlie Pleietocene Problem of the North AtlaJitie Coastal Plain, 
Ainer. Genl., IMl, vol. 28, pp. 87-107; Marvlnnd Geol. Survev, Pliocene and PIcislo- 
ceiic, inntj, 201 pp. Ixxv piatea. 
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toward river valleys, there was a remarkable uniformity of elevation at 
points on the same terrace many miles apart. The three terraces he named 
in order of age, from high to low, the Sunderland, Wicomico, and Talbot, 
and classified their materials as the Sunderland, Wicomico, and Talbot, 
formations. This division of the Columbia he extended into Virginia. 

In North Carolina aix terraces with elevations varying from sea-level 
to 300 feet have been described." Stephenson* discriminates five Pleistocene 
terraces in North Carolina. The names lie gives them and the elevations 
above sea-level are as follows, in order of age: Coharie, 160 to 220 feet; 
Sunderland. 110 to 160 feet; Wicomico. 60 to 90 feet: Chowan, 30 to 50 
feet ; Pamlico, to 25 feet. The Coharie has not been recognized north of 
North Carolina. The Chowan and Pamlico together correspond to the Tal- 
bot of Maryland and Virginia as described by Shattuck. 

Clark and Miller^ have recognized and traced three Columbia terraces 
in the Virginia Coastal Plain and have designated as formations the 
deposits that constitute them, the Sunderland, the Wieomieo,and the Talbot. 

The terraces as a whole slope east or southeast, but along the rivers each 
terrace slopes toward the river; on the divides the slope is seaward. Hence 
the elevation of each terrace is least toward the river or the ocean and great- 
est at the foot of the slope or scarp which marks the transition to the terrace 
above. 

In general there is on each terrace a rough assortment of materials from 
coarse at the base, to fine near the surface. The proportion of very coarse 
material, gravel, cobbles and boulders, is greatest near the "fall-line." The 
basal sands are generally gray in color; the tints of the subsoil loams and 
clays range from dark gray with bluish, brownisli or greenish hues, to bright 
red, orange and buil. 

The thickness of each terrace formation varies from a thin edge near tlie 
scarp above to a maximum at varj'ing distanc-es riverttard or seaward. Tlie 
maximum thickness of the lowest formation is uncertain because in places on 
the western shore of Chesapeake Bay and along the hay side and ocean side of 
the Eastern Shore, a considerable part of the formation lies below tide-level 
and its materials have not been definitely distinguished from tlie Clicsapeake 
(Miocene) beds on which they presumably rest. 

"Johnson. B. L., Pleistiwene tprrHcinjf in the Xorth (.'arolins l^wstal Plain, 
Science, IM7, vol. xxvi, pp. 840-642. 

bStephenson. L. W., Geologj- and Underground Waters of tbe North Carolina 
Coastal Plain, N. C. Geol. Survey. In press. 

oClark. W. B., and Miller, B. L., Bull. No. iv. Virginia Geol. S\irvty. 1912. p. 4S. 
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Sunderland formation. — Maximum elevations of the Sunderland range 
from 300 to 220 feet on divides back of the "fall-line," to 90 feet at points 
along the rivers farther east. The Sunderland-Wieomieo scarp extends 
along a northeast line, that is a line at right angles to the trend of the larger 
river valleys. The materials of the Sunderland terrace, whicli constitute 
the Sunderland formation, comprise cobble-beds, sands and gravels, bright- 
colored loom and clays, and near the "fall-line," large boulders. The 
thickness of the formation varies from a feather-edge to a maximum of 
50 feet. 

Wicomico formation. — The Wicomico terrace can be traced at intervals 
along the rivers to the "fall-line" and around the intervening divides from 
Xorth Carolina to Potomac River. It is widest south of James River 
where it is 10 miles wide. On the divides between York, James, Rappa- 
hannock, and Potomac rivers, this terrace is not as pronounced a topo- 
graphic feature as the terrace below it. The terrace materials comprise 
cobbles, gravel, sand, and bright -colored loams and clays, much like the 
Sunderland. The thickness varies from a feather-edge to about 45 feet, 

Taibot formation. — The Talbot is the youngest and most easily dis- 
tinguished of all the terraces." It is 30 miles wide at the south and includes 
all of Princess Anne County, most of Sorfolk, nearly all of Elizabeth City 
County, the east end of Gloucester County, and practically all of Mathews 
County. Reentrants of this terrace extend up the river valleys. On the 
eastern shore the terrace probably includes all of Northampton County and 
most of Accomac County. The Talbot formation is composed of sands, 
gravels, clays and loams, with cobbles and ice-bome boulders along the river 
toward the "fall-line." The fossils comprise cypress stumps and other plant 
remains, and beds of marine or brackish water shells. The thickness of 
the formation ranges from a few feet to fully -10 feet on the western shore 
of the bay. On the eastern shore the thickness may exceed 50 feet. 

The relations of the Columbia terraces and the terrace materials to the 
underlying deposits are shown in Fig. 5, page 52. 

Origin. — While a marine or estuarine origin for the terrace formations 
has been advocated, the question is still in dispute. The 0-35 foot terrace 
underlain by beds containing marine and brackish water-shells at Newport 
News, east of Norfolk, and in the Dismal Swamp area, is indisputably 
marine or estuarine. 

"The writer believes that the Talbot formation in Virginia, 'as described bj- 
Shattuck, comprised two foruiationa; in other words, the Cliowan nnd Pamlico 
formations of North Carolina extend into Virginia. 
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WATKH SfVPLIRS 

The eoar^iT buds of tlu' [<<'veral ('ohimhia formations aro impoi'tmit 
ivsiTviiirs of wattT in TkleMjiter Virjjiiiia, and are liipped bv thoiifiands of 
diifi or driven wells. As the sands and gravels often rest on i-ehitivcly ini- 
jHTvious clayey lu'd* of Jliocenc, Koceiio, or t'rutaeeous age. and am exposed 
along searp;- or in stream giillifs, they are the source of eountless springs. 
(In the high terraces tlie ground water is mostly soft and of low mineral 
conlenl. (»n the tower area and especially near tidewater it differs greatly; 
in most places it is limpi<l and soft and excellent for general use : here and 
there so niineraliited as to !«■ niifil for many pnrposi-s. 

ITiidifferentiated Columbia Beds 

l-:-rlriif and c/i.jrac/ir.- - Beds of mud. siiud. clay, iiud gravel underlie 
the l(.\ve.-l Columliia terrace, or the terrace now in process of fornuilioii. at 
places in the eastern part of Norfolk. Elizabeth City, (iloucester. Mathews 
and Princess Anne counties, anil the whole Eastern Shore. The cliicr objec- 
tions to inciudiug these beds in tlieTalliot formation are that their indicated 
thickness would make this formation much thii'kcr tlinn any of the older 
('oluml>ia fornuitions, and that tlietv is nothing t<i show tluU all the bt'ds 
aecunuilated while the Talbot terrace was forming. Some may antedate tbc 
Talbot terracing; some may even l>e of I'lioi'ene age. Tn the lo<.'aIities men- 
tioned the beds rest on Chesapeake sands and clays. As they do not outcrop 
but lie below tide-level they can b<' diti'erentiated frorji the ('lies;iiM>ake U'ds 
below and the Ret'cnt or I'oluuibia beds above only by the stiuly of well 
records and saniph's of drillings. As few samples have In-en saved the age 
reiuains in doubt. 

These unditrerentiateil In-ds coui]»rise soTt. dark bluish or grei'uish and 
binish-gray sands vi'ilh rounded and sharply augular grains, and coarse 
gravel. Some of the beds contain many marine shells, some contain cypiess 
stumps or lofis. 

The sands in wliieli the shells He. sparsely scattered or in distinct layers, 
are medium linej and, when dry, light gray in color; wlien wet. dink bluish 
or greenish. They apparently form disiontinuons bands or lenses of vary- 
ing thickness, no single sand bed having lieen traced far. The sands are 
for the most part soft, and offer little resistance to the drill, but loially 
contain indurated streaks usually only a few inches thick that the drillers 
term rocks. The beds are separated by dark clays of bluish or greenish 
tinge, that van' in texture from tough and firm clay to soft mud in wliicli 
the drill of alight jet rig will sink five or six fci't in as many minutes. 
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The soft clays, those most frequently found, are dest'ribed by drillers as 
"blue mud" or "blue marsh mud." The shell beds, logs and stumps found 
iu these beds on the Eastern Shore all lie considerably below tide-level. 
The following list of localities and depths to shell beds nearest surface in 
Ai'comac and Northampton counties is given for its geologic interest: 

/,i's( of localities and depths to shell beds nearest surface in Accomac County. 

Feet ' Fret 

Accomac 60 Hunting Creek 00 

Belinda 80 Meareville 117 

Bloxom 83 Meara Wharf 76 

Bogg3 104 Mappaville 70 

Caahville 100 Mesongo Creek 115 

ChesconneBBei 100 . Mt. Prosperity, near Onancock 60 

Craddockaville 140 , New Church 120 

Hallwood 110 Pungoteague 110 

Harborton 120 . 

Northampton' County: Charlton 6'^ feet, Upshur Neck 12S feet; 
throughout Northampton County generally, 60 to 90 feet. 

A well near Onancock, sunk 110 feet, is reported by the driller to have 
fitruck a bed of "beach sand" containing small shells at 65 feet and to have 
lieen bottomed in shell-rock containing "oyster" and "clam" shells. "Pieces 
of bark and knots of wood" were reported between 60 and 100 feet. 

Another driller, F. A. Merrill, of Onancock, reports striking in a well 
on Grapeland farm, on Occahonuock Creek, three quarters of a mile from 
Ward.stown Pos-l-offier, a "stump" TO feet below surface or 60 feet below 
tide-level. A we!! at the house of Tully Scott on llasitank Creek, three 
quarters of a mile west of Cashville, according to the owner, went through 
■"pieces of wood" at t)4 to 68 feet. 

WATER SUPPLIES 

On the Eastern Shore many flowing wells draw on these deep-lying 
Columbia sands. The heads are low and seem to be largely determined 
by local topography. Thus there are few flows along the bay shore near 
Sa.\is, Belinda, and Marsh Market in Acconiac County where the Talbot 
terrace slopes gradually to the expanses of salt marsh that border the 
tidal inlets; the ground, as well drillers say, is "too low." But there are 
many flowing wells on the bay shore farther south, where, as about Onan- 
wck and Harborton, a terrace plain 15 to 20 feet high, often overlooks 
oi)en water. Again there are more flowing wells in Accomac than in North- 
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ampton County where the general elevation of the surface is less than to the 
north. 

It is not possible that the supplies of these Eastern Shore wells could 
have come from across the bay ; the beds under the bay contain salt water 
at too great a depth to permit that. They are fed from ground water that is 
supplied by the rain and snow that fall on the Eastern Shore. The under- 
ground circulation is southward and from the higher land along the axis 
of the peninsula toward the bay and the ocean. The heads of the water in 
particular wells or groups of wells are closely related to the height above 
sea-level of the water table in the vicinity of the wells. Since the water 
beds lie comparatively near surface, are overlain by muds or soft clays and 
extend under tidal inlets, the flowing wells of the Eastern Shore all show 
tidal changes, but the leg is less than that of the deeper wells of the 
western shore. 

No flowing welts that evidently draw on these sands have been reported 
in Mathews, Norfolk, and Princess Anne counties. 

As the deep Columbia beds comprise both clean sands and swamp mucks 
the contained waters vary greatly. Some of the sands yield excellent 
water — clear, soft, and low in mineral content, while other beds yield waters 
that are highly colored, hard, contain iron and have a decided odor of 
sulphuretted hydrogen. 

8UMMAHY OF OEOLOQIC FORMATIONS AND THEIB WATER SUPPLIES. 

The geologic relations of the various Coastal Plain formations, their 
constituent materials, and their importance as water-bearers are shown in 
the following table: 
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1 1 ) N"ot important. 

(2) C'oara^r b«ds auppiT ground water to sprin^^B nnd BhfllloiT wells: contain 
artesian wator on EasteTn Sfiorc. 

(3) Coarser bods supply springs and shallow uelli'. 
(4} CoarsiT beds supply springs and shallow wells. 
(51 Coarapr beds supply sprinps and shallow wells. 

I(t) Ground water tn sprinf^ and shallow wells, artesian water to a few wells, 
tT) Ground water to Hiirinps and shallow w«IIb. artesian water to many wells. 

(8) May supply artesian water to a few wells. 

(9) Ground water to sprinfrs and shallow wells, artesian water to many wells. 
110) Ground wnter lo aprin;;s and shallow wells, artesian water (c> ntnnv 

wells. 

(II) Ground water to S])rinps anil shallow wells north of Pamunkey River: 
nrte-iian water to some wells. 

(121 Artesian water ot varvinfT cjualitv to a few deep wells near Clicsafieake 
Bay. 

(13) Ground water to springs and shallow wells, artesian water of varying 
quality to a few deep wells. 

(14) Ground water to springs and shallow wells, artesian water of varvin;; 
quality to a few wells near the "fnll-line." and near Clie^npenke Bay. 
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UNDERGROUND WATERS 

ORIGIN, OCCTTEKEHCE, AKD DISTEIBirTIOH. 

General sfatemenl. — Of the moisture tliat falls on the land in tlic form 
of rain and snow, part retiirnis directly to the air by evaporation, part flow:s 
directly away by streams, and part enters the soil. The total precipitation 
on any region if distributed variously among those destinations, the exact 
amount that goes to any one being determined by factors which interact in 
an extremely complex maimer. 

Evaporation. — The proportion of rainfall that returns to the air by 
evaporation from the leaves of plants, before or after reaching the gronnd, 
or from the surface of the ground itself, varies greatly under different con- 
ditions. Tile temperatiire, the wind velocity, the character of the vegetation, 
the nature of the soil, all affect it. Evaporation is loss in a cool climate 
with light winds than in a hot climate where fresh winds prevaii. It is less 
from sandy than from clayey soils. It is less from fields than from forests. 
Tidewater Virginia has hot summers with lilreral precipitation; on the 
other hand the wind velocity is low. Estimated on the basis of measure- 
ments at Washington, D. C, and including the water returned to the air by 
plants, evaporation in the Virginia Coastal Plain amounts to more than 
50 per cent of the rainfall. 

Run-off. — That portion of the rainfall that the streams carry away from 
a given district is the run-off. Tt includes the over-surface flow and the 
water from seeps and springs; it is determined l)y measuring tlie discliarge 
of the streams, and is expressed either in inches, like rainfall, or as a per- 
centage of the rainfall. The chief factors controlling mn-off are vegetation 
and temperature. This is shown by Hoyt" who'finds that wliile the winter 
run-off in Vermont is 93 per cent of the rainfall and in Virginia is fi3 per 
cent, the summer run-off is practically the same in the two states. Xo de- 
termination of annual run-off in the A'irginia Coastal Plain has been made 
but it is probably less than in the Piedmont counties of the State, where it 
is 40 per cent of the rainfall. 

Controlling factors in snil absorption. — The chief factors regulating 
the entrance of water into the ground are the slope of the surface, the rate of 
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precipitation, the air temperature, and the texture of the soih On steep 
hillsides much rain water runs off before the soil can take it up; similarly, 
if the rain falls in a heavy shower less of it enters the soil than if it falls 
more slowly, because every soil has a certain rate of abaorption, and if this 
be exceeded the excess water runs off. A high temperature decreases the 
surface tension of water so that water passes more readily through the soil 
pores. Sands have much larger pore spaces than clays, hence sandy soils 
take up water more rapidly than clayey soils. 

In the Virginia Coastal Plain the conditions favorable to the absorption 
of moisture reach a maximum on flat expanses of terraces with sandy soils 
during gentle rains in warm weather. 

Storage capacity of soils. — The capacity of a soil to absorb water is a 
measure of its porosity. In sands, the evenness of size of the grains and 
their roundness of outline determine the proportion of voids, because if the 
grains are round the total amount of open space is independent of the diam- 
eter of the grains. A clean, evenly sized sand with well-rounded grains will 
absorb water equal to 40 per cent of it« bulk; a cubic foot of such sand will 
absorb about 10 quarts. Sharp sands that pack closely and sands with 
grains of various sizes absorb less. On the other hand, loams have propor- 
tionally more pore space and greater absorption capacity. Some determina- 
tions made by King" showed that the percentage of pore space in clayey 
loams was about 44.5 per cent, and in sandy soils 30 to 35 per cent. Be- 
cause of the great predominance of sands and sandy loams in the Virginia 
Coastal Plain, as shown in the table on page 29, it is probably safe to assuuie 
that the average absorption capacity of the soils is about 35 per cent. 

sons AND son. solutions. 

Soils. — The soils of the Coastal Plain are derived almost wliolly from 
unconsolidated beds of gravel, sand and clay, which in turn represent the 
wasbed-over debris of pre-existing unconsolidated beds, or the material 
worn from the bard rocks of the Piedmont Plateau. Since the Lafayette 
and Columbia formations lie blanket-like upon Ihe older beds, and the 
latter are practically not exposed except where the Lafayette or Columbia 
beds have been removed by erosion, as on scarps, valley slopes, or narrow 
stream divides, the older beds are of less importance in the formation of 
soils. On the other hand the more or less weathered surfaces of the several 
Columbia formations form the cultivated soil of fully three-fourths of the 
Coastal Plain area. 

nKing, F. IL, Xineteenfh Ann. Report. V. S. (J.i.l. Siirvi'v. pt. ii. 1SH7 OH, pp. 
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On the hasis of origin, soils may be divided into two clasees, residual 
and transported. A residual soil represents what is left from the decay of 
rocks, and rests where it formed. A transported soil is composed of material 
that has been moved by water, ice or wind. Besidual soils characterize the 
Piedmont Plateau, transported soils the Coastal Plain. lu the latter 
province the great agent of transportation has been water. There has been 
movement as dust but not enough to be of much importance in soil forma- 
tion. There are accumulations of wind-moved sands, or dunes, back of some 
Chesapeake Bay or ocean beaches, notably at Cape Henry, but these are 
of little or no agricultural value. The water-moved rock particles were 
variously transported, some by streama and some by the waves and currents 
of the ocean or tidal inlets ; they were deposited along river bottoms or on 
flood plains, in swamps or shallow bays, or in the ocean. Thus the finest of 
silts and the coarsest of gravel were laid down simultaneously in the forma- 
tion of any one of the Columbia terraces. The terraces have been variously 
eroded since elevation above sea-level. Certain areas in all the terraces have 
been better drained than others, and the rate of decay of the soil particles 
has therefore not been the same. In consequence of original differences in 
mode of deposition aud in material, and of subsequent differences in erosion 
and weathering, the soils vary decidedly within short distance and show 
very complex relationships. 

Soils may be classified not only by origin but by topographic features, 
depth, suitability for certain purposes, and by physical characteristics. 
The latter are the most obvious guides. They comprise texture, as shown by 
the proportion of mineral particles of different sizes, structure (the manner 
of arrangement of the particles), and color. These physical properties form 
the basis of soil classification adopted by the U. S. Bureau of Soils, bnt 
other factors are considered. A soil class is based on texture, as shown by 
a mechanical analysis. Soils of different classes that are evidently related 
in origin, topographic position, and color, constitute a soil series. The 
structure and color determine with what series a soil can be correlated. 
The unit of a soil series is the soil type and the type is established by con- 
sidering the physical properties and all other determinable factors that have 
to do with the relations of soik to crops. 

Jn the Coastal Plain of Virginia the TJ. S. Bureau of Soils has mapped 
about 940,000 acres, and has discriminated 34 soil types in this acreage. 
The areas occupied by these types are shown in the following table compiled 
from figures published in 1909.' The areas cover parts of Chesterfield and 

oWhitnev. Milton, Soils of the United SUtei, V. S. Bureau of Soils Hull. 56, 
IDOO, p. 233. 
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Hanover coontiea, all of Norfolk, Prmceea Anne and Warwick counties, 
and most of York and James City connties. 



Area of soUs surveyed t 


n the Virginia 


Coattal Plain 
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clay loam 
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Bilt loam 




Swamp, tidal Bwamp and manh 


7.1 










clay loam 
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Total number of acres mapped 




939.840 





Tlie table brings out the relatively small extent of many of the soils, 
the predominance of two series, and the proportionally great extent of two 
types, the Norfolk sandy loam and the Norfolk fine sandy loam, which 
together occupy over 47 per cent of the area mapped. A survey of all the 
Virginia Coastal Plain might show soil types not as yet recognized there, 
and would change the present rank of some of the types, but would not 
alter the rank of the Norfolk series nor of its two predominating types — 
chiefly because these types occupy areas on both high and low terraces, 
whereas the topographic distribution of the other types as a rule is more 
restricted. 

For a description of the soils named in the preceding table and their 
suitability for particular crops the reader is referred to the government 
bulletins from which the tables were compiled." The Norfolk soil series is 
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described as consiBting of light-colored sandy soils underlain by yellow or 
oraoge sand or sandy snbsoils, while the Portsmouth is characterized by 
dark gray to black surface soils underlain by yellow, gray or mottled yellow 
and gray Bnbsoila. 

As has been stated, the testure of a soil is determined by the proportion 
of the diflerent sized mineral particles in it that are found by mechanical 
analysis. The TJ. S. Burean of Soils recognizes seven grades, tibe limits of 
which are- arbitrarily fixed. The texture of the Norfolk soil series is shown 
by the following table : 

Texturea of Norfolk aotU." 
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oU. 8. Dept. Agriculture, Bureau of Soils, Soil Sary^ Field Book, 1906, pp. 47-64. 
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Soil solutions. — The Bolubility of the mineral compounds in the soil, 
under local conditionB of rainfall, temperature and drainage, and the chemi- 
cal reactions which take place in the underground circulation determine 
the quality of the ground water. The GoaBtal Plain soils, deep as well as 
sarficial deposits being included under this term, comprise sands, loams, 
clays, shell beds, and beds full of glauconite. The sand grains are composed 
chiefiy of silica, but in some formations many sand grains are made up 
of compounds of silica, alumina, iron, lime, potash, and soda. The ease 
with which these compounds are dissolved ia determined not only by the 
solubility of the compounds but by the fineness of the soil particles, hence 
the quality of the ground water, that is, the kind and degree of its minerali- 
zation, varies decidedly from place to place. 

In general the reason for the variations is easily recognized ; lime carbon- 
ate ia readily diseolved, hence shell beds contain limy, or "hard," water- Many 
iron compounds dissolve without difficulty, and iron-bearing solutions pre- 
cipitate iron on exposure to air or by mingling with oxygen-bearing waters. 
Thus along the western edge of the Coastal Plain the loams that contain 
grains of iron sulphide worn from the Piedmont rockB are the source of 
"iron" and "alum" and "sulphur" springs and seeps; beds of bog-iron 
form where such waters accumulate on the surface, and iron crusts and 
bands grow along the underground water courses. Hydrogen sulphide, 
the compound which gives so many Coastal Plain waters a "swampy" or 
"marshy" odor, is derived not only from the dissolving of iron sulphide but 
from compounds found in the organic matter contained in many Coastal 
Plain beds ; it may also come from reaction between sulphate of lime, a com- 
mon constituent of soils, and other compounds. 

Although as above indicated the mineralization of a particular wnter 
may be from causes easily recognized or self-evident, the quality of another 
water may be due to reactions that cannot be definitely traced, or to long-past 
events in the geologic history of the region. Instances of these differences 
are the high percentage of bicarbonate of soda in many Coastal Plain waters 
and the saltness of others; in the one case we have to deal with a matter 
little understood, the selective interactions between certain mineral solu- 
tions underground ; in the other with sea water which was originally in the 
beds or reached them after deposition. 
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Definition of ground water. — Of the water that enters the soil some is 
returned to the air through the capillary action of the Boil particles and 
evaporation, eome ie absorbed bj plant roots, stored in tissues, and ulti- 
mately returned by plant decay, or is given back to the air by transpiration 
from foliage; a little ia taken up by the hydration or weathering of rock 
particles in the soil, and some reaches the ground water. By ground water 
is meant the water beneath the surface at any given point; its lateral extent 
and depth below surface are determined by several factors. Its lower limit 
may be at dense, impervious beds or there may be no sharp lower limit, the 
water filling crevices in rocks to an indefinite depth. 

Water table. — The upper surface of the ground water ia called the water 
table ; it marks the water level in wells. Its depth below ground dq)ends on 
topography, geology, and climate. In general the water table rises under 
hills and falls toward valleys. Under a level plain with soil of uniform tex- 
ture, bounded by descents to lower ground, the convexity of the water table 
as a whole depends primarily on the texture of the soil and the difference in 
elevation between the plain and the lower ground. But the water table 
slope is modified by differences in soil texture, in the character and position 
of underlying rocks, in surface slope and in vegetation. It lies nearer the 
surface in fine textured soils than in coarse, and nearer under tilled fields 
than under forests. Where the water table cuts the surface of the slope there 
are seeps and springs; where confined hollows descend below the water table 
there are ponds. Under a flat expanse on a high terrace the water table 
may be at the surface, whereas near the scarp of that terrace it may be 60 
feet below the surface of the ground. 

Fluctuations of water table. — The water table rises after wet weather 
and falls after droughts, but these changes are not sudden. It takes a sensi- 
ble period for the soil to absorb and transmit rainfall, so the water in wells 
may be low during a rainy period, in consequence of preceding drought, and 
may remain high long after rains have ceased. The seasonal differences in 
the height of the water table are the result of accumulative differences in the 
proportion of rainfall that reaches the ground, so that the period of lowest or 
highest ground water lags after the period of most or least rainfall, subject 
to superimposed modificationa from evaporation and the growth of vege- 
tation. 
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In Virginia the ground water is highest in the spring and lowest in the 
faU. These fluctuations are greater away from ravines and scarps than 
near them, because the water under a level stretch remote from an; point 
of emergence moves ver; slowly and a rise in the water table of several 
feet increases the general slope toward the point of emergence but slightly, 
vberefts near a scarp the w&ter can run away so fast that the water table rises 
very little. 

Besides being affected by the seasonal differences in rainfall, the water 
table is affected by other factors. Fluctuations in atmospheric pressure are 
among these. A rise of one inch shown by the barometer means an increase 
in air pressure equal to a foot of water. This load transmitted underground 
t^ wells can depress the well water by forcing it back into the sand and 
locally raising the water table. In the course of the field work for this report 
one instance of a dug well showing the effect of changes in air pressure 
was noted. This well, 26 feet deep, is near Potomac Mills, in Westmoreland 
County. The normal depth of the water in dry weather is about 2 feet. 
When the wind during such weather blows from the northwest, that is when 
the barometer is high, and the atmoapheTic pressure is heavier than the 
average, the level of the water in the well falls. With wind from the south- 
east, that is when atmospheric pressure is less, the water rises. 

In very shallow wella changes in air temperature affect the surface ten- 
sion of water. Cold increases the surface tension, hence If some of tlie 
ground water is near enough to surface (within a few feet) to feel the 
change, it rises into the partly saturated soil above the water table under 
the capillary attraction of the soil particles, thus lowering the level of the 
water in wells. 

Change of level, due to natural or artificial cHueee, in nearby bodies of 
surface water — rivers, lakes, or the sea— may affect the water table decidedly. 
Where there is communication between such a body of water end nearby 
ground water, either through rock crevices or the pores between sand grains, 
a rise of the surface water raises the water table, either by direct traiismis- 
eion or by backing up the outward flowing ground water. Along Chesapeake 
Bay many shallow welU show tidal changes. These changes are not instan- 
taneous since transmission through sands implies time, and along tidal 
bodies of water high water in a well occurs after high tide. Tlie time 
difference or lag is governed by distance from shoreline and ease of commu- 
nication below ground. It may amount to several hours. 

Perched ground water. — Some accumulations of ground water are purely 
local. A sheet of clay may separate saturated sands from drj' pandp below, 



yGoogIc 



OBOUND WATBB. 89 

resulting in what is known as perched ground water. Such a condition may 
be found at many places in Tidewater Virginia, and is especially noticeable 
after prolonged wet weather. Boring a hole through the clay draws off the 
perched water. In this way eome ponda or swanipa may be drained. 

Circulation of ground water. — Two faetora, gravity and capillarity, con- 
trol the movement of underground water. Downward percolation, bb the 
drainage of a soil after a rain, is largely due to gravity and takea place 
chiefly through the larger openings in the soil. On the other hand the water 
evaporated from a soil is supplied from below either by the capillary move- 
ment through the finer openings or by the creeping of thin films of water 
around the soil particles. Gravity and capillarity act together where the 
movement is downward or are opposed when the movement is upward, Tliey 
combine to bring water to the surface on a slope. 

The texture of the soil determines the relative efficiency of the two fac- 
tors, because the soil openings are many times larger in coarse sands than in 
silts or clays. Practically, the wafer returned to the air by plants as well as 
that evaporated from the surface of the soil is supplied by capillary action, 
whereas the water of springs and wells is supplied by gravity. The relative 
importance of gravity and capillarity in the movement of ground water is 
nearly equal, the proportion of the rainfall that ultimately reaches the sur- 
face again under capillary action, being little less than the proportion of 
gravitational or drainage water returned by springs. 

The movement of gravitational water toward. some point of escape is 
modified by differences in soil texture, the position and character of the rocks 
below the soil, and the slope of the surface. By reason of the variety of 
factors the course of a drop of water toward some spring may be changed 
from a straight line many times. 

In granites and other dense igneous rocks, circulation is by joint cracks 
of which there are usually three systems, one parallel to the surface, the 
other two steeply inclined. In stratified rocks, circulation is of two orders. 
In sandstones and conglomerates there may be both direct movement along 
the bedding through openings between constituent grains, and cross circula- 
tion through joint cracks. In shales, circulation is practically limited to 
joint cracks and bedding planes. In limestone, as the rock is readily dis- 
solved, openings of considerable size may grow along bedding planes or cross 
fissures and may become large enough to take the entire volume of small 
rivers. The freedom of movement through sandstones and conglomerates 
is seldom comparable to that through sands and gravels, because of many 
original voids being closed by the cement that binds the grains and pebbles. 
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Rate of movement of underground water. — In fine sandg with rounded 
graine the opeaings between the grains are of capillary size, and the 
f fictional resistance to the movement of water is great; in sharp sands 
that pnck closely the resistance is still greater. In coarse sands the voids 
are many times larger tlian in fine sands and the water can move with mnch 
more freedom. Ease of transmission through a soil thus depends on the size, 
shape and evenness of assortment of the soil particles, there being all grada- 
tions between coarse gravel and clay. A coarse sand transmits water 100 
times as frei^ly as a fine sand. A clay absorbs water but its transmission 
capacity is practically zero. 

In discussing the capacity of soils to transmit water, Schlichter" says: 

If the particles of aand or gravel which make up the water-bearing medium are 
well rounded in fonn, the poreg are somewhat triangular in cross section and th« 
diameter of the individual poreg is only one-fourth to one-seventh the diameter of 
the soil particles themselves. Thus if the individual grains of sand average one 
millimeter in diameter the pores tbrou^ which the water mnst pass will average 
only one-fourth to one-seventh of a millimeter in diameter. If to a mass of nearly 
uniform sand particles larger particles be added the effect on the resiBtance to tba 
flow of water will be one of two kinds, depending prinefpally upon the ratio whieli 
the size of the particles added bears to the average size of grains in the original 
sand. If the particles added are only slightly larger than the original aand grain 
the effect is to increase the capacity of the sand to transmit water, and the more 
particles of this kind are added the greater will be the menace in the capacity of 
the sand to transmit water. If, however, larger particles are added the effect is the 
reverse. If particles seven to t«n times the diameter of the original sand grains 
be added, each of the new particles tends to block the passage of the water. 
Thus, for example, a large boulder placed in a mass of fine sand will tend to block 
the passage of the water. As more and more of the large particles are added to a 
mass of uniform sand, the rate of flow of water through it will be decreased until 
the amount of the large particles equals about 30 per cent, of the total mass. From 
this time on the adding of the large particles will increase the capacity of the whole 
to transmit water until, if a very large quantity of the large particles be added, so 
that the original mass of flue particles becomes relatively negligible, the capacity to 
transmit will approach that of the mass of the Urge particles alone. These facts 
have an important bearing upon the capacity of gravels to furnish water to wells or 
to transmit water in the underflow of a river. The presence of large particles is not 
necessarily to be interpreted as indicating a high transmission capacity of tha 
material, for this is indicated only when the large particles constitute a large 
fractional per cent of the total mass, as would be the case where the large particles 
equal 40 or SO per cent of the whole. 

The rate at which water moves underground is controlled by the resist- 
ance of the soil openings and by the slope or difference in height liotween two 
given points in its course. Through such mixtures of sand, gravel and 
boulders in nearly flat beds as lie in the terraces of the Virginia Coastal 
Plain, the rate is to be measured by feet a day rather than by miles a day, 
as in a surface stream. On the south shore of Long Island are Coastal Plain 
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beds reeembling in texture and inclination some of those underlying terraces 
in Yirginia. Yelocities bave been measured there that range from 15 inches 
to 12 feet a day." 

Underground lakes and rivers. — The belief held by many persona that 
underground waters in places outside of limestone regions lie in lakes or 
move as rivers, has little foundation in fact. The lakes and streams reported 
by well drillers are merely beds of saturated sand. The rivers described with 
great particularity by some water finders often are pure fiction, the stated 
course of an underground river having no relation whatever to the geology 
of the district. 

Ground water temperature. — Soila absorb and radiate heat readily but 
trftusmit it slowly, ao that daily temperature fluctuations are felt only a 
very few feet underground ; even the changes from summer to winter become 
imperceptible at less than 100 feet, and the unvarying temperature there 
corresponds very closely to that of the mean annual temperature of the par- 
ticular locality. Several factors combine to determine the distance below 
surface of this zone of unvarying temperature. In Tidewater Virginia it 
apparently ties at about 60 feet. Thus the temperature of shallow wells 
or springs varies seasonably, that of deep wells is constant. At depths of 80 
to 40 feet, depths equal to those of the average dug well in the Tidewater 
region, the cumulative results of the winter's cold and the summer's warmth 
are minimum temperature in the spring and maximum temperature in the 
fall, but the difference between maximum and minimum is slight. In shal- 
low, open wells the temperature of the water may be modified by heat taken 
from or given to the air, and changed decidedly by the entrance of water 
from near the surface after heavy rains, but allowing for these contingencies, 
there is no ground for the belief of many a well-owner that the water from 
his well is cold in summer and warm in winter; a thermometer will show 
him his error. 

Chemical composition of ground water. — Rain that falls at the end of a 
shower is practically pure water. In passing through the soil the rain- 
water takes up carbon dioxide gas and also various salts. It attacks and 
slowly breaks down the resistant particles of the hardest rocks, reduces 
dense granite to grains of quartz and particles of clay, and completely dis- 
solves beds of shelis. 

The chemical composition of the ground water at any point is deter- 
mined by the rainfall, the drainage, the climate, and the composition of the 



oSchlichter, 0. S., Op. cit. p. BT. 
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soil. Where precipitation is as abimdant as in Tidewater Virginia and 
underground circulation is active, the soil at a certain point may be leached 

of easily soluble compounds in a time geologically brief ; the ground water 
will thereafter have little solid matter in solution and will be soft and 
limpid. On the other hand, if the circulation is difficult the leaching will 
be less, and the mineralization of the water will persist for a longer period. 

The soils of the higher terraces of the Coastal Plain of Virginia usually 
contain near scarps waters of extremely low mineral content; on the lower 
terraces the waters in places carry conaiderable iron or lime ; on the lowest 
terrace, near the hay, where broad expanses of ground are covered by salt 
water during high spring tides, the ground water in places is distinctly 
brackish. 

Few complete analyses of waters from dug wells are available, and the 
field assays presented in table 7 do not show the wide variety in quality of 
the waters. The analyses of spring waters (table 7) show the low miner- 
alization of the waters from the sands of the high terraces. 

Normal chlorine. — Chlorine, a constituent of common salt, is found in 
all surface and underground waters. It is derived from the sea as salt spray 
borne inland with dust particles by the wind and precipitated in rains, from 
the soil minerals, and from organic wastes. Hence the chlorine content of 
surface waters, other conditions not being considered, is greatest near the 
seashore and diminishes inland. The spring waters in table 7 show as a 
rule this chlorine decrease. In a given region the proportion of chlorine in 
the surface waters derived from soil minerals and from the sea is called the 
normal chlorine content of the waters. Any increase above the normal rep- 
resents drainage from habitations, since the density of population on a given 
area has a direct bearing on the proportion of chlorine contained in the 
water flowing from that area. Hence, chlorine above normal in a surface 
water is taken as evidence that the water is or has been polluted. 

Owing lo variations in freedom of circulation and the composition of the 
soil, the normal chlorine content of the underground waters of a given 
region varies within wide limits, and a chlorine content above the normal 
of the surface waters does not necessarily denote pollution. A notable 
chlorine content in the waters from springs and shallow wells on high 
ground may indicate that the waters have been polluted, but many shallow 
wells near seashore tap waters that are normally brackish. High chlorine 
in the waters from a deep-drilled well is not necessarily evidence of pollu- 
tion. In the water from a pumped well it may or may not be suspicious. 
Increase of chlorine in wells near the sea is not uncommon under heavy 
pumping. 
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Pollution of ground water. — Decaying organic matter carried in solution 
from the surface to the ground-water zone may make the water of wells or 
springs in the vicinity highly colored and offensive. Such discolored, ill- 
smelling water is rightfully viewed with suspicion, but a water that is clear, 
colorless or odorless may be much more dangerous. The menace to health 
is not the organic compounds in the water, but the microscopically small 
bacteria that cause specific diseases. These pathogenic germs may or may 
not be found in clear, refreshing spring waters having a local reputation for 
healthfulness or for curative properties. 

A sanitary analysis of a ground wafer shows the proportion of com- 
pounds presumably of organic origin — nitrates, nitrites, and ammonia — and 
the proportion of chlorine. The proportion of organic compounds and 
of chlorine is taken to indicate the probable sanitary quality of the water. 
The value of such an analysis is disputed by many chemists." In Tidewater 
Virginia the almost universal use of wood-curbing in dug wells, the practice 
of dosing such wells with lime and salt after cleaning, and the large varia- 
tions in chlorine content of the ground water at places on the shores of inlets, 
combine to make the value of a sanitary analysis even more doubtful than 
for surface waters unless the chemist knows the local conditions. A bacte- 
rial examination of a auspicious wat«r may be decisive, but in moat cases 
no examination or analysis of a water is necessary to show its doubtful 
purity. A glance at the well surroundings, the nearby privy, pig-pen or slop- 
hole, or the leaky curbing that permits any kind of filth to be washed in at 
every rain, will suffice to show why the well water is to be regarded with 
suspicion. 

Areal extent of pollution. — In sedimentary deposits like those of the 
Virginia Coastal Plain, the decaying organic matter and the disease-spread- 
ing bacteria that reach the ground water are carried along its upper surface 
toward the nearest point of escape. The distance they may travel before 
they are destroyed by filtration and oxidation depends on the rate of move- 
ment of the water table and the fineness of the sands. Some recent experi- 
ments in Germany* showed that heavy pumping could make bacteria from 
a polluted well 177 feet deep pass through 69 feet of sand and gravel 
(porosity 32 per cent) to an unpolluted well of equal depth in nine days; 
whereas if the bacteria were forced into the soil above ground water-level 
no pollution could be detected after prolonged pumping. 

oLeightoD, M. 0., The futilitv of a sanitary water analysis as a test o/ potability; 
Biological studies by the pupils of Wm. Thompaon S«lfr»i(-k, Boston, 1906, pp. 

bExperiments on the paai'Bge of bacteria through isoil. Engineering Becord. IflOiJ, 
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Where, as on many terraces of the Coastal Plain, coarse sand and gravel 
or shell marls underlie a few feet of surface loam, and the water moves with 
comparative freedom toward springs that flow from the terraces, conditions 
are particularly favorable to the spread of pollution nndergroond. Any 
shallow well or any spring in the village may come under suspicion. 
Where waters from a possible source of pollution must pass through 10 feet 
or more of loam and sand to reach the ground-water zone the danger is 
lessened, but iu general the radius of safety between well and source of pol- 
lution is not less than 100 feet. A dug well and a vault privy within the 
limits of the average 25-foot building lot favor a quick transfer of water 
from the well to the house and back to the well, but a more unsanitary ar- 
rangement can hardly be devised. 

EHEBQENCE 07 GBOUin) WATES. 

Seeps. — A large proportion of the ground water is returned to the sur- 
face or escapes below water level by seepage. Seeps make wet and boggy 
spots on slopes or at the base of scarps, and eupply imperceptibly much 
ground water to bodies of surface water. Seeps difEer from springs in size 
and localization of flow. Springs mark the escape of ground water moving 
in a definite passage through the open-textured portions of a porous bed or 
along crevices and solution passages in hard rocks. In other words, a spring 
is seepage water emerging in sufBcient volume at one point to form a rill. 
No sharp dividing line separates seeps and springs; the gradation in 
volume and localization of flow is gradual. Many so-called spring.s in 
Tidewater Virginia are basins or shallow wells fed by seeps. 

Springs. — Speaking of the tidewater country in general, Hugh Jones," 
an Englishman who visited Virginia early in the eighteenth century, said: 
"good springs abound everywhere almost." This statement holds true. 
Because of the liberal rainfall, the bedding of the Lafayette and Columbia 
sands, the manner in which pervious overlie less pervious deposits, and the 
many places at which the water table is exposed on bluffs and slopes or in 
gullies, springs of excellent water abound in most of the Coastal Plain 
counties. They are most numerous in the counties near the "fall-line." 
There are few where the surface is low and little eroded, as in Norfolk, 
Princess Anne, Mathews, Accomac and Northampton counties. 

Because of its composition, extent, position, and great dissection, the 
Sunderland formation is the source of a majoril^ of the springs. 

reprint, New York, 
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TYPES OP COAaTAL PLAIN SPRINGE. 



Few of the Coastal Plain springs gush from rock crevices like the springs 
of the Piedmont region, or issue as giant flows from large cavities, like the 
springs of the limestone regions of the Great Valley. Instead the waters 
gently flow from the sands along terrace scarps or in ravines, and the 
volumes are small. In places where hollows in the surface of an 
impervious stratum, a bed of clay, a band of iron crusts, collect the water 
from a considerable area are springs of larger size. In places also 
springs of good size flow from open-textured beds of shell marl. Three 
types of springs are distinguishable. They may be termed normal, 
perched, and artesian or boiling springs, and their characteristics are 
shown in Fig. 3. 



Fig. 3. — DiagrasiB illuBtratuig types of Coastal Plain springs, (o) Normal spring. 
{}>) Perched spring, (c) Art««ian spring. 
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Normal spnnys.— Springs of the normal ^^w are those that issue where 
the water table is exposed at ground-level. ITiey ate found in hoUowe on 
terraces along the baaea of Bcarpa, and on low terraces. Hence they are 
common to all parts of the Coaatal Plain and flow from all the formatioua 
exposed. Many are of shallow source and go diy every year. 

Perched springs. — This name has been proposed by Matson" for springs 
from perched ground-water, those that iasue from above some impervioua 
layer exposed in a stream gully or terrace scarp. The point of emergence 
may be 100 feet or more above the foot of the bluff, or the point at which 
the top of the main ground water supplies springs of the normal type. 
Perched springs are characteristic of that part of the Virginia Coastal Plain 
having topography of the western shore type — interstream divides sharply 
cut by V-ahaped valleys of creeks, high scarps facing rivers — this area 
lying between Potomac Biver and the divide separating the Chesapeake 
from the Chowan drainage. Thoasands of them issue from the base of the 
Columbia formations above sandy clays of the Chesapeake and Pamunkey 
groups. 

Artesian springs. — While the waters usually seep or flow from a slope, 
the face of a blnfE or the side of a gully, in places there are springs that 
are slightly artesian, the waters rising with force enough to lift sand grains 
in the spring basin. Such are known as boiling springs. As a mle the im- 
previouB layer from under which the waters rise is lees than 10 feet below 
the spring basin and at some springs is covered only by a thin wash of sand. 
In places the source is deeper. 

8UUBCBB OF SFRIKO WATERS 

In general the springs are fed by the rainfall on the particular terrace 
from under which they flow. As the terraces are cut up by stream valleys 
and the ground water takes the easiest course to ite point of escape, in the 
majority of cases the water does not travel more than a mile or two under- 
ground, and in many places springs of some size flow from a narrow rem- 
nant of a Columbia terrace capping a divide, where the gathering area is 
less than a quarter of a mile wide. 

The temperature of the spring waters shows that the springs are fed by 
the ground water of the terrace rather than from deep sources. Most "cold" 
springs have a temperature of about 58 to 60 degrees, or the mean annual 
temperature of the region. These "cold" springs flow from beds buried 50 

, Kantucky, Water 
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feet or more. SpriDgB which shoT higher temperatures than the annual 
mean do not have this temperature the year round. The water geta warmer 
in Bummer ^cause of the shallow cover of the source. No spring in Tide- 
water Virginia, so far as known, has throughout the year a temperature 
above normal, aB have the deep flowing wells, and evidently no spring freely 
rises from a depth of several hundred feet. Those that are coldest in the fall 
have the deepest source, snd this source is not deep enough to show the in- 
crease of temperature due to depth. 

PERMANENCE OF FLOW 

Many springs in the Coastal Plain fail in every dry summer. Many 
yield less water after several months of drought, and many show slight dif- 
ference in volume. These differences represent differences in the magnitude 
of the fluctuations of the water table. 

Wear the edges of high terraces wells go deep for water, and the height 
of the wat«r in the welh changes hut little during the year; springs flowing 
from the scarps of these terraces have much more uniform flow than those 
in hollows on terraces away from scarps, where wells are shallow and are 
full iu the spring and dry in the fall. Still there are springs having imme- 
diate shallow sources that flow the year through with little reported change 
in volume. Some such springs evidently are supplied by water that comes 
through a confined channel so small in proportion to its length that fluctua- 
tions of ground water level are minimized. Springs flowing from erevices 
in granite in hollows of high terraces are of this class, other springs which 
show little change in volume though having apparently shallow covers are 
fed by the water that comes from under a terrace above the one that seems 
to supply them. 

PUHITY OP SUPPLY. 

Pollution of spring sources. — As most of the Coastal Plain springs flow 
from sandy beds covered by loams, surface waters undergo filtration in 
reaching the ground-water zone and in traveling to the point of emergence. 
Hence as a rule the springs of the Coastal Pkin, if properly developed, are 
not likely to be the source of disease. On the other hand, where cities or 
villages stand on terraces having a thin cover of loams and coarse sands 
below, the ground water is easily contaminated by leakage from cesspools 
or aewera, or the impurities washed into dug wells, and springs flowing 
from the scarps of such terraces may be alt<^ether unsafe no matter how 
clear, sparkling and refreshing their waters are. 
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Quality of spring waters. — The quality of the spring waters varies widely. 
Ab a rule the waters from the Columbia sands of the higher terraces are soft, 
contain little iron, and are suited for all domestic purposes. Springs from 
the lower terraces show greater differences. Manv "marl springs" that flow 
from shell-marl beds in the Pamunkey or Chesapeake group, yield hard 
water. Here and there, particularly along the western edge of the Coastal 
Plain, are small springs whot^e waters contain siilphales of iron and alumina. 

The analyses in table 6 show the characteristic differences in mineraliza- 
tion of the springs flowing from sands, from granite, and from marl, and 
the modifications resulting from topographic position. The granite, and the 
sand and gravel springs of Alexandria and Chesterfield counties contain less 
than 100 parts per 1,000,000 of total solids, and many are extremely soft, 
some containing less than 1 part per 1,000,000 of calcium. They are also 
low in chlorine. Evidently the sources of mineralization of the granite and 
the slightly mineralized sand springs are approximately tlie same, being 
derived from well-leached or relarively insoluble soils. On the other hand, 
the marl springs and the springs in low terraces near Chesapeake Bay 
ahow as a rule more total solids, more lime, and more chlorine. The most 
heavily mineralized waters in the table are those from two marl springs, 
one in Surry County and one in Sussex County. 

DEEP AND ARTESIAN WATEB8. 

Function of grovnd water. — The greater part of the ground water in 
Tidewater Virginia does not rest on a clearly defined impervious floor, but 
lies above more or less pervious rock or unconsolidated material and there 
is no sharp line of demarcation between the ground water and what may be 
called, for convenience, deep or artesian water. Where, as in the Piedmont 
province, there is a mantle of rotted rock and residual soil, or where, as in 
the Coastal Plain, there are blanket-like formations of unconsolidated mate- 
rial, it is often convenient to take the top of solid rock or of beds older than 
those lying at the surfnce as the base of the gronnd-water zone and to regard 
the surface material as constituting a great sponge, its function being to ab- 
sorb and store precipitation and slowly feed ground water to crevices and 
porous beds in the underlying formations. 

Deep circulation. — Circulation below, as in the ground-water zone, is 
determined chiefly by gravity, but although in a general way influenced by 
topography, it is closely controlled by geologic structure. The porosity of 
the beds, their dip, the size and extent of cracks or fissures, are more im- 
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portant than topo^aphic differences. So while the ground water flows 
down a valley, the deep water may move in a direction at right angles to 
the Talley^s trend. 

The deep circulation nrny extend to far greater depth at one place than 
at another. Thus, where porous beds are steeply inclined or the continuity 
of rock masses is broken by profound fissures, water may circulate thouaandB 
of feet below the surface. On the other hand, where thick flat beds of shale 
lie near the surface there may be little or no deep water, as in certain 
regions of PennBylvania and adjacent states. 

While primarily governed by gravity, deep circulation may be assisted 
by the increase of temperature with depth; the waters from the surface 
working downward reach higher and higher temperatures until, through 
some comparatively free way of ascent, they rise and emerge at the surface 
as thermal springs. Also, deep waters may become so charged with gases 
that they rise more strongly than by difference of level alone. 

In the Coastal Plain of Virginia deep circulation is along gently inclined 
porous strata and neither gain in temperature nor gaseous content is an 
important factor in the movement of the water. Flow down hill is suffi- 
cient to account for the facts observed. Yet, while the water moves down 
the dip of the poroua beds toward the sea, the course of a single drop may be 
anything but a straight line. The beds are not of uniform texture for long 
distances. Instead, the water-bearing sands form irregular partly connected 
or discontinnous lenses, here coarse, here fine, and a drop following the line 
of least resistance may move down, across or even up the g^eral dip of the 
beds. The limiting depth of active circulation is unknown, but the high 
mineralization of the deep waters in the Norfolk re^on indicates that 
their circulation is feeble. 

TemperatwM of deep water. — The thermal gradient, or rate of increase 
of temperature with depth, varies from place to place being most rapid in 
regions of recent volcanic activity. Unless running freely through open pas- 
sagos, underground water has the temperature of the material in which it 
is found. Hence temperatures of a large number of wells of varying depth 
show the temperature of the line of no change, its distance below the surface, 
and the increase of temperature with depth beneath. 

Some observations in Tidewater Virginia indicate that the mean tem- 
perature of the line of no change is 66° to 69° and that the line lies at 
least 50 feet below surface ; its exact depth was not determined because of 
the difGculty of getting the tonperature of the water in the relatively small 
number of wells 50 to 100 feet deep. 
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Tempera turee of flowing wells meMuied at the surface are subject to 
error. In most of Uie older artesian wells in Tidewater Virginia casing 
goes only to some dense bed below the Columbia sands and gravels. In some 
areas, as at West Point, two or even three deep water beds have been pene- 
trated, and the flows from all the sources mingle, so that the temperature at 
a certain well is not the temperature of any one Sow. Again in rising 
through several hundred feet of pipe water loses heat. Hence of two wells 
Bide by aide tapping the same water bed, the one poorly sunk or cased that 
yields a mere dribble will show, a decidedly lower temperature than its freely- 
flowing neighbor; for the same reason the flow of a 6-inch well will show 
the temperature of the source more accurately than that of a 2-inch well. 

Temperatures of a considerable number of flows were taken in the course 
of field work, as shown in table 6. These temperatures are subject to the 
possible errors above stated, the most trustworthy figures being those of the 
freest flows. 

In the following table are grouped the depth and temperature of flow 
of a number of wells : 



Temperatures 


of artesian flows in Virginia Coastal Plain. 


Locati<m 


Depth 


Flow 


TampeMture 


Probable 

ann. temp, 
of lootitf 




(Feet) 


fgal per minj \ {'T) 


(°F) 




163 


IS A3 






1T2 in 82 
1S8 IS 112. S 
IBB 16 02. S 
ZG6 1 Q.S , 62.6 
2«fl 1 62 I 63 
270 (6-inch well) 40 1 65 
300 20 j 64 
300 (3-inch well) T8 ' 64 
330 2 63 
336 37 60 
361 2 67 
400 2 ; 86 
476 26 88 












Tappahannock 


56 


JamMtown 


S6.0 




























66.3 


Lamberts Point ....... 

Selden 


816 
716 


SI 
62 


\l 


69 

67 



The indicated average gradient of 1° for each 40 feet increase in depth 
ia probably a close apiproximation to the truth. 

Tile above table subject to the errors indicated may be used for roughly 
checking the depth of a well. For instance, the water from the bottom of a 
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well 300 feet deep should have a temperature of about 64' F. This check 
hoTever is of no value unless an accurate instrument is used. Many cheap 
thermometers are not correct within Z degrees, and to use one of these is a 
waste of time. 

Composition of deep water.— The substances in solution in the deep 
water at a given point necessarily bear some relation to the composition of 
the enclwing beds, to the depth below surface, and to the freedom of 
movement, but this relation is oftfin extremely obscure. The chemical re- 
actions that take place, under the conditions of circulation iu solutions aa 
dilute as most underground waters, are hardly comparable with the 
reactions observed in a chemical laboratory. 

In Tidewater Virginia the mineralization of the deep waters increases 
toward the southeast. This change is not directly due to increase of depth, 
nor has it been shown to be due to changes in the composition of the en- 
closing beds. The rank of the controlling factors is discussed in the con- 
sideration of the artesian flows of the Norfolk-Newport News area. De- 
fective circulation seems most important. 

ABTBSUN WATBBa 

DefiniHon of artesian. — The term artesian well has different meanings 
in different parts of the trnited States, being applied variously to all bored 
or drilled wells mBch deeper than the dug wells of the particular locality, 
to deep wells in which the waters rise, and to wells in which the waters rise 
and overflow. Even in Tidewater Virginia usage is not uniform. Both the 
deep drilled wells with water-level 100 feet below surface, at Bichmond, and 
the much shallower flowing wells along river banks or the shores of Chesa- 
peake Bay are called artesian. In this report the word artesian is used 
to designate the hydrostatic principle, the tendency of water to seek its 
level. Hence artesian waters are those which rise when the beds containing 
them are tapped. An artesian slope is a slope with artesian water belo* it, 
and an artesian well is one that taps artesian water. A well in which the 
water rises above ground-level is called a flowing well. 

Arteaian conditions. — Flat>lying ground water obviously cannot be arte- 
sian ; the water in a well sunk to it will stand at the level of the water table. 
Difference of elevation is essential, the other conditions vary from place to 
place." 

(■For a diaenMioa of all the factors involve'!, aee Sumtnaiy of the Ckintrolliiig 
lF«tc.r» of ArtwUn Flow, by M. L. Fuller, U. S. Geol. Survey. Bull. 819, IWW, 

|44pp. 
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In Tidewater Virginia the governing conditions are these: 

(1) Sufficient rainfall. 

(2) Porous beds that receive rainfall directly or indirectly. 

(3) Differences of elevation. 

(4) Su£Bcient slope to the porous beds to carry them below less per- 

vious beds. 
Coastal Plain an artesian slope. — The Coastal Plain formations dip 
seaward. They contain water-filled open-tentured beds overlain by relatively 
dense beds. The confined waters are artesian, and the Coastal Plain is an 
artesian slope. Some conditions causing artesian water are indicated in 
Fig. 4. 



Fig. 4.— Diagram illustrating artesian conditions in the Coastal Plain Province ot 
Virt^nia. (a) Well penetrating two artesian sands; Strang flows because of 
aanda pinching out or becoming clayey, {h] Well finding no water in beds 
penetrated by («), but drawing on a water bed that does not outcrop, (o) Well 
to isolated sand bed, watar under low bead. 

Source of artesian water. — To account for flowing welU some persons 
assume a great difference of elevation is necessary and say of the water gush- 
ing from a bore liole that it must "come from the mountains." They do not 
realize that there is no difference in principle between water rising in a well 
to 10 feet above the water bed and water rising to surface, nor do they 
realize that the heads of the flowing wells are low in comparison with the 
elevation of hills not far distant. The water that gushes from a well in 
Tidewater Virginia either entered the artesian bed at its outcrop or was fed 
to it from overlying beds. In either case the water entered the ground 
within the Coastal Plain. Some topographic relations of the artesian flows 
are shown in Fig 5. 




a topograph; in the 
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Iniiiai head. — Ab the Potomac, Rappahannock, Pamunkey, Mattaponi, 
and James rivers have cut valleys to the western edge of the Coastal Plain, 
the outcrops of beds or zones that carry artesian water to the east are ex- 
posed from tide-level almost to the topa of the interstream divides. Hence 
what may be called the initial head of the waters ia not represented by the 
elevation of the poroas beds at their edges on the divides nor by the height 
of the water table in deposits overlying the upper edges of the beds, for there 
is leakage toward the valleys. 

Loss of head.- — Ordinarily water never rises as high in a well as the level 
of the grOTind water supply of the artesian hed. This loss of pressure is due 
to the frictional resistance the water has met in passing through the sande, 
nnd to leakage in the journey to the well or down the dip of the beds beyond 
the well. Where water is confined under pressure in a widely-extending 
bed of uniform size sand grains through which the movement of water in 
any given direction is very slow, the flow to a well ia along the bed from all 
directions at practically the same velocity, and the loss of head by frictional 
resistance during transmission from the distant source is small. Thus in 
that vast artesian reservoir of the Qreat FlaiiUF — the Dakota sandstone— the 
loas of head down the dip is only about 1 foot per mile. Water in beds 
of sand less evenly sized or less confined shows much greater loss of head, 
100 feet per mile or even more. 

In the Coastal Plain of Yirginia are artesian sands in which the size, 
the angularity, the evenness of assortment, and the looseness of the compo- 
nent grains vary greatly, hence water circulates through them at various 
rates. On this account, and because of the uncertainty as to the probable 
initial head of the water fonnd at any place, and because of errors in drilling 
and casing, it is difficult if not impossible with present records to determine 
the loss of head per mile of the water in a particular sand or connecting 
series of sands. In some places the more eastern wells show higher beads 
than do other wells to the west tapping the same formation at about the 
same horizon. 

Ponded water. — Though the water that enters an artesian bed in the 
Coastal Plain deposits tends to move downward, that is seaward, toward 
some point of escape, ever getting deeper under cover, there are undoubtedly 
waters confined by sand beds pinching out or becoming clayey in all direc- 
tions but one, and therefore practically stagnant Such stagnant or ponded 
waters far below sea-level may be highly mineralized, because the sands in 
which they lie have not,'8ince deposition in the sea ages ago, been thoroughly 
flushed by vigorous circulation, or because in depressions of the land the 
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beds up the dip were satarated with sea water which displaced the fresh 
water below. 

FLUCTUATION OF LEVEL IN ARTE8IAN WELI£ 

Some agencies that cause fluctoatioiiB in the level of the upper surface 
of the ground water, the water table, cause flactuationa of the water in 
artesian wellB. The most effective in Tidewater Virginia are changes of 
level in bodies of water on the surface. Since there can be no free com- 
munication between the deep and the surface water, otherwise the deep 
waters would not be artesian, there can be no direct transmission of water, 
nor of pressure, through porous beds. The pressure is transmitted through 
tiie relatively impervious beds that confine the artesian water. A river 
flood, a high tide, a flooded swamp means increased load ; this pressure is 
transmitted downward to the covered sands through the saturated but 
impervious clays, causing a slight plastic deformation, and the water in 
wells sunk to the sands rises. In flowing wells this rise is shown by 
increased yield. 

There are along Chesapeake Bay and its tributary rivers hundreds of 
wells showing marked tidal changes, some flowing only at and just after high 
water. In fact it is probable that all the deep wells on the shores of Chesa- 
peake Bay or its tributaries show tidal changes, though in some the rise 
and fall of water are very alight and are not detected. 

A change in atmospheric pressure can affect deep wells as it affects shal- 
low ones. If the well flows, increased pressure may be shown by diminished 
yield. Near Sealston, in £ing George Coun^, John Curtis has a 2-inch 
drilled well, 260 feet deep, that normally yields about two-thirds of a 
gallon per minute, the water rising only a few inches above the surface. 
This well flows most strongly before an easterly storm (when atmospheric 
pressure is less than normal) and during one period of cold weather with 
norihweet winds (high atmospheric pressure) it ceased flowing for two days. 

QUALITY OP AETE8IAW WATEB8. 
The wells drilled to the known Potomac sands are either near the western 
edge of the Coastal Plain or far to the east, there being none in the inter- 
mediate areas. Hence it is impossible to trace the changes in mineraliza- 
tion of the Potomac waters under cover. Similarly, as Upper Cretaceous 
beds have been recognized only in deep borings near Chesapeake Bay, noth- 
ing definite is known regarding the quality of the water in tipper Cretaceous 
beds further west. It is certain, however, that the waters in both the Polo- 
mac (Lower Cretaceous) and Upper Cretaceous beds show a progressive 
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i-ncreaae in nuDeralisation toward the southeast, like the waters in the 
Famimke^ and Chesapeake sands. The increase in bicarbonates is the most 
noteworthy feature. Waters which near the outerop of the beds may be 
either soft or bard, take up bicarboDates, and if origiuaUj hard become soft 
by loBiDg much of the lime they contained. Such eodic bicsrbonated waters 
are not peculiar to Virginia ; they are found in other parts of the Coastal 
Plain, especially in South Carolina. But in Virginia they underlie the 
larger pari of the Coastal Plain west of Chesapeake Bay, and are remark- 
able because they differ decidedly from the ground water from which they 
are derived, and because the change from the calcic bicarbonated (hard) 
ground water in the marl beds of the Chesapeake and Pamonkey groups to 
the sodic bicarbonated (soft) artesian waters, takes place during a rela- 
tively short underground journey. As a rule the artesian waters become 
more mineralized by taking up chlorine, bicarbonate, sulphate, and sodium 
radicles ; that is, while there is a decided increase in the proportion of several 
acid radicles there is less increase in the basic radicles, except sodium. 

At some places, as for instance, Hardings, Northumberland County, 
and Smithfield and Shoal Bay, Isle of Wight County, there are waters that 
are practically dilute solntiona of sodium bicarbonate. Although chemietB 
have reported high carbonate contents in the waters at several places, these 
waters may actually contain no carbonates, or little more than a trace. It 
is probable that at comparatively few places does the content of carbonates 
amount to over 30 parts per 1,000,000. The carbonate content reported in 
some analyses represents the chemisf s opinion rather than the salts actually 
in solution. 

Bicarbonated waters stimulate the growth of algte. The difference in 
this respect between most ground waters and the soft artesian waters is 
striking. A heavy growth of "green moss" accumulates in troughs and 
about the mouths of flowing wells in many counties west of Chesapeake Bay. 

Sodium bicarbonate waters have certain physiological effects and are not 
well adapted for all industrial purposes. Their healthfulness, their value in 
the treatment of disease, and their suitability for specific uses in the arts, 
are considered in another chapter. 

ABTKSIAN SAND8 
Ntitkber. — It is extremely doubtful if there is a single water-bearing 
stratum in Tidewater Virginia that is of wide extent. The water beds are 
to be regarded as sands of varying porosity, laid down in interleaved len- 
ticular deposits Containing discontinuous streaks of hard rock. Thus while 
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the wells along any given stretch at river may reach the same artesian 
zone, the depths to the points from which freest flovs come may vary ir- 
regularly. 

The total number of the artesian sands is unknown. Few wells have 
been sunk deep enough to prove all of them in the formations aboTe the 
top of the Potomac group, and the Potomac, under cover the thickest 
of the groups, contains more sands than all the overlying formations 
combined. Yet except for what is told by the records of the Fort Uooroe 
and Norfolk City Water Works wells nothing is known of the Potomac 
sands uoder cover far from their ontcrops. 

Potomac sands. — The Patuxent formation contains sands that under 
cover are probably as irregularly bedded as in their outcrops. Hence 
at one place the Patuxent may contain several beds freely yielding water, 
and at another not far distant show but one or two and thrae of feeble yield. 
StUl, except in Norfolk, Princess Anne, Elizabeth City, and Mathews 
counties, and the eastern end of Gloucester County, good water is to be 
expected from the lower Potomac formation along the entire western shore 
of Chesapeake Bay, the mineralization increasing, deep under cover, toward 
the southeast comer of the State. The best chance for liberal yield is near 
bed rock rather than some distance above. On the IlaBtem ^ore the Poto- 
mac lies BO far below surface that there is little hope of getting good water 
from its lower beds. The most important wells drawing on the Patuxent 
are at Alexandria. 

The Patapsco formation, or upper part of the Potomac group, contains 
water-hearing sands, though toward its outcrop only a few artesian wells 
are known to draw on them. Of the eastward extent of the Patapsco, as 
of the Patuxent sands, little is known. The upper part of the 1,300 feet 
or so of Potomac strata found in the Norfolk area has been shown to 
contain a number of water beds, and it is probable that under the whole 
of Tidewater Virginia, the upper Potomac contains artesian water, though 
the quality of the water is variable, and in the southeast part of the State 
is poor. On the Eastern Shore there is a possibility of getting fair water 
from the upper beds of the Potomac near the Virginia-Maryland line, but 
there is little chance of good water from the Patapsco formation in North- 
ampton County. 

For a fuller discussion of the quality of the supplies obtainable from 
the deep-lying Potomac beds the reader is referred to the account of the 
deep welb of the Norfolk-Newport News area in another chapter. 

Pamunkey sands. — Though they vary irregularly in thickness, the water 
beds of the Pamnnkey have much more continuous layers than those of the 
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Potomac, and because they lie nearer the Burface have been drawn on by a 
far greater namber of wells. They have been developed along the Potomac, 
Bappaihannock, and James rivers, and reached by a few wells near Chesa- 
peake Bay, 

Of the two Pamunlcey formations the Aquia is more important as an 
artesian reservoir than the Nangemoy. The former underlies a wider area, 
and has been more developed along the Potomac and Rappahannock rivers. 

The Nanjemoy formation is, however, an important water-bearer and 
□ear its base contains sandy beds that have been tapped by many wells 
between Potomac and James rivers. Little is known of the extent of the 
Xanjemoy formation south of the James ; apparently it thins or is cut out 
along a northwest-southeast line so that few, if any, of the many welle in 
Southampton County draw on it. 

CheaapeaJce aanda. — In Tidewater Virginia the number of artesian wells 
drawing on Chesapeake sands is greater than the combined number of 
those drawing on Pamunkey or Potomac beds. This is because the artesian 
beds of the Chesapeake, in much the greater part of the area, yield fair to 
liberal supplies of good quality. Hence the beds below the Chesapeake 
have been explored only near or beyond the western edge of the Chesapeake 
outcrops, or where the Chesapeake supplies have been unsatisfactory. 

Most of the artesian wells on the western shore of Chesapeake Bay in 
the territory lying east of a line running from Pope Creek, on the 
Potomac Biver, through Piping Tree, on the Pamunkey Eiver, to Clare- 
mont, on the James Biver, draw on Chesapeake sands. 

Well records along the Potomac and the Rappahannock rivers show a 
number of Chesapeake sands. They are thin and of varying persistency. 
The most persistent are in the lower half of the group in the Cfaoptank { ?) 
and Calvert formations, especially the latter. Those near the top, in the 
St. Mary's and Torktown, are more patchy. Along York and James rivers 
the sands yield water less freely than to the north, and toward the mouths 
of these rivers the Chesapeake contains few sands that give flows and these 
are neither continuous nor regular. 

On the Eastern Shore irregularly distribut«d sands near the top of the 
Chesapeake group, possibly high in the Yorktovra formation, contain 
artesian water that supj^lies a few flowing welle along inlets from the bay 
or the ocean. This water varies in quality but on the average is very 
different from the artesian supplies found in Chesapeake beds on the western 
shore of the hay. 



yGoogIc 



58 DNDBBGBOOND WATEB BBSOUBOBS OF OOABTAL FLAIX PBOTINOE. 

Colombia aands. — Generally thin, and for the most part Ijing above tide 
level, the Columbia sandB on the western shore of Chesapeake Bay ctmtain 
artesian vater hnt rarely. Here and there "boiling" springs show artesian 
conditions but no flowing wells drawing on Columbia sands have been 
reported. On the Eastern Shore the Columbia sands are thicker and local 
conditions favor the storage of water under pressure in beds 50 feet or so 
below surface, which are here classed as Colombia. 

The relation of some of the artesian water beds in the Potomac, Upper 
Cretaceous, Pamankey, and Chesapeake groups are shown by the sections 
given in Fig. 6. 

Flowing well areas. — As very few flowing wells in Tidewater Virginia 
have heads that are more than 35 feet above sea level, and heads on the 
Eastern Shore are under 10 feet, the flowing well areas are limited to the 
low ground bordering the bay or the ocean, and to strips of country of 
Varying width along river and creek valleys. In other words, the flowing 
wells are confined to the shores, or to the terrace slopes. Enough drilling 
has been done to establish the extent of several artesian horizons west of 
Chesapeake Bay. It is certain that water which will rise above tide level 
can be had along the principal rivers from a short distance east of the "fall- 
line" to their months. Waters which will rise 25 feet above tide can be 
bad along Potomac River east of Matthias Point, along the Kappahannock 
from 15 miles east of Fredericksburg, along the Mattaponi below Beverly 
Bun, along the Pomnnkey below Enfleld, along York River, and along the 
James below Wilcox Wharf. Wells of high bead can also be bad around 
the east end of the peninsula between Potomac and Rappahannock rivers. 
Between Rappahannock and James rivers, however, in Mathews and 
Elizabeth City counties, several deep wells did not get flows and the yield 
of others has been disappointingly small. East of Norfolk, in Norfolk 
and Princess Anne counties, flows can be had, but the prospects for potable 
water from the formations which give flne flows to the west and northwest 
is distinctly unpromising. 

Water that will rise 20 feet above tide, and in places even higher, can be 
had along Blackwater River south of McClelland, along Nottoway Biver 
south of Lumberton and along its principal tributary Assamoosick Swamp 
south of Littleton, idong Three Creek east of Arringdale, and along 
Meherrin River from 16 miles below Emporia. As there are no topo- 
graphic maps that show the lowest terrace along all the rivers, it is impossible 
to state the total extent of the area on the west side of Chesapeake Bay in 
which flows can be had. 
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On the Eastern Shore, where the heads of the artesian waters are much 
lower, flows may be had along the shore in many places, as shown by the 
records in tahle 1. They can not be had at eveiy place where the surface 
elevation is less tihan 5 feet, though it is probable that the flowing well 
areas will prove to be more extensive than the records indicate, particularly 
a1(mg the ocean side of the peninsula. 

Some of the many flowing wells and the westward limits of flows from 
sands in the groups of formations are indicated in Plate I. 

Conservation of artesian supplies. — The artesian supplies obtainable 
nnder the greater part of the region investigated are so abundant that their 
conservation and even their most advantageous development have received 
little attention. The situation at West Point and at Colonial Beach, 
where hundreds of wells no longer flow, depriving owners of advantages 
tiiat in the aggregate have a large money value, shows that conservation 
con not be neglected. While such severe restrictions on the use of under- 
ground water as some states have imposed are not required, there is already 
need for local regulation. Waste is unnecessary and may work public 
injury. Where many wells have been driven those on low ground need 
not be allowed by unrestricted flow to diminish or cut off tiie flow of wells tm 
higher ground. ^Neither is it right that the static head of the water in an 
underground reservoir should be lowered to the detriment of innocent 
parties by the insufficient casing of new wells or by the neglect of old wells. 
The casing of wells at wharves may be damaged by accident or corrosion, 
allowing a part or the wh<de of the flow to escape below tide level. It 
is obviously unjust to permit this where it means loss to other property 
owners, and where it can be prevented by the simple expedient of plugging 
the well. It is true that at bot^ Colonial Beach and West Point there are 
undeveloped sands that can furnish plenty of water, and the depletion of 
all the sands is a remote contingency, but this does not alter the ess^itial 
injustice of permitting the impairment of an important natural resource, 
and the depreciation of private property by carelessness and neglect, 
especially when preventive measures are simple and inexpensive. Sooner 
or later the fact that the interests of the public are superior to those of 
any individual will be so generally recognized that unnecessary waste wil! 
not be tolerated. 
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The ciatem is one of the oldest hrunan devices for procuring a supply 
of drinking water, and it remains the most practicable source of supply in 
many localities. CiBtem water is soft and is usually regarded as pure, 
hence cisterns are dug where ground waters are hard, irony or brackish, or 
are liable to pollution. In the Coastal Plain of Virginia there are some 
villages and many isolated dwellings that rely chiefly on cisterns. The 
sanitary quality of the water stored compares favorably with what is 
obtained by the ordinary type of dug well but is seldom as excellent as it 
is thought to be, einoe cisterns, like wells, may be polluted from below and 
from above. Some cistems are not tight and impure ground water can 
find its way in when the level of the cistern water is below the water table. 
Many cisterns are not properly covered and back-yard dust and insects 
get in. The chief source of contamination, however, is from the roof. 
Dust, dead insects, and the droppings of birds fall on roofs and accumulate 
in eaves troughs to be washed into cisterns at the first shower. Where 
birds perch on buildings the danger of contamination is obvious, but even 
where such gross pollution is not apparent, danger may lurk. The email 
box filters of sand or charcoal, such as are often used, do little more than 
remove visible impurities; the bacteria that cause disease pass throu^. 
In fact, such filtafs, unless the contents are frequently renewed, may become 
breeding places for pathogenic germs. 

Good cistern water is rain water properly collected and properly stored. 
Hence, cisterns should be tight, also they should be large, that only the 
best rainwater need be saved, that which falla at the end of showers when 
the air is free from dust and roofs and gutters are washed clean. There 
should be provision for diverting the water from the roof during the first 
part of a shower, and if filters are used they should be large so that the 
water will have to go through not less than 3 feet of fine sand before it 
reaches the storage chamber. In addition the cistern should be tightly 
covered and provided with a good pump. To allow farm laborers to bail 
water from a cistern is to invite infection, 

8PRIN08 AK'D SEEPB 

Probably 90 per cent of all the springs in the Coastal Plain area issue 
as small flows from sandy beds in the Columbia formations, or from sands 
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uiA mails in the Chesapeake. Some of the marl springs are of considerable 
Tolnme although none are known that approach in size the large limestone 
springs of the western part of the State. In former days it was customary 
throughout Tidewater Virginia to supply the manor houses, when possible, 
with spring water — in fact the location of many houses was determined by 
the finding of a suitable spring. A wood or masonry basin and a wooden 
shelter as a spring house were the usual improvements, and buckets the 
means of conveyance, though sometimes a hand-power pump at the spring 
forced water to a tank in the house. It is no longer easy for the average 
household to obtain water in the old way, and the use of springs for house- 
hold supply has greatly diminished. 

Improvement of springs. — The improvements required at springs are 
few. A basin of tile or concrete, or even of wood, with a spout and a 
tight cover, are the chief requisites. The common arrangement of an open 
basin from which water is dipped, and steps leading down to the basin, 
facilitates pollution. 

Use of rams. — To have a supply of spring water in a dwelling above the 
spring is in many cases neither difficult nor expensive. A ram costing 
perhaps $10 at point of shipment and a few hundred feet of pipe are the 
eesenti&lB. The yield obtainable is dependent on several factors — the fall 
from the spring to the ram, the height at which the water is to be delivered, 
and the distance of the ram from the spring and the point of delivery, 
A simple formula for rough calculations is one-seventh of the flow to four 
times the head — ^that is a ram fed by a fiow of 7 gallons per minute under 
7 feet head will elevate 1 gallon per minute to a height of 28 feet, or 2 
gallons to a height of 14 feet. The smallest rams installed require at least 
iy2 gallons of water per minute for 3 feet of fall. 

Objections are sometimes made to rams and tanks. The comjnonest is 
that by storage the water becomes unpalatable. Against this is the con- 
venience of tap water. Between a well-situated spring and a dug well 
situated and curbed as too many are, the sanitaTy advantages are all with 
the spring. The main point in installing a ram is to have ram and pipe large 
enough to handle the water easily. Failure to measure the quantity of 
water available and the use of too small equipment are the chief causes of 
disappointment with new installations. 

COLLEOTINO TDNNELe .*ND DRAINS 

General statement. — ^The point wbere the upper surface of the ground 
water, or where some water-bearing sand reaches the face of a bluff or 
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terrace scarp, la frequently more or less hidden by wash. Hence it has 
happened that a small visible flow has been utilized when a larger yield 
could have been had by a little digging in a better situated or more eon- 
renient place not far distant. Where seeps on the faces of bluffs cause 
landslides that may destroy the beauty of a dwelling site, or do other 
damage, a small outlay of labor may not only stop the danger but develop 
a liberal supply of water lees liable to contamination than that obtained by 
dug wells on top of the bluff. 

Mount Vernon collecting tunnels. — A good example of how to make the 
most of such springs is to be seen on the face of the 125-foot bluff at 
Kount Vernon, on the Potomac. Here small flows and seeps of water that 
emerge at 50 feet above tide from Potomac sands locally Indurated to 
fermginous sandstone, caused slips of overlying clay beds which threatened 
serious injury to the premises. The bluff shows the following section : 

Section of the bluff at Mount Vernon on ike Potomac. 



Group and foniMtion 



Columbia, Sunderland 

POTOUAO 



Boil 

Gravel 

Dry red clBy 

Brown and yellow clay 

Putty elay, pocketfl of water 

Sand and sanditone indurated by iron 
□ear face of the hill where tree roots 
reached water; water-bearing at base 

Dry blue elay 

Dry red day 

Brown and yellow clay 

Dry putty clay 

Dry iandstone, no water at contact with 
clay below 

Blue elay 



I 



Under the direction of William Archer tunnels 6 feet high and 3^ 
feet wide were run nearly east and west in the 7-foot bed of blue clay 
below the sand and indurated sandstone. The flrst tunnel, which carried 
2 feet of blue clay in the headings, was driven east 279 feet on a grade of Z 
inches in 100 feet, and cut all seeps on clay level at right angles. At a 
sudden V-shaped depression, which carried much water, an underdrain 4^^ 
feet deep and 2^ feet wide was dug. In this ditch 2-inch tiles were laid 
on 3 feet of rammed gravel, and covered with coarse washed gravel. Another 
tunnel was driven west 121 feet and filled with gravel. In August, 1906, 
the long tunnel was flowing 10,600 galltms in 24 hours, and the short tunnel 
7,600 gallons. 
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The flowB from the tunnels go to brick catch-basins, thence to two rama 
situated 18 feet below. With both rams running, 2,600 gallons a day are 
pumped to tanks 160 feet above river level. 

According to Mr. Archer, the tunnela have dried the face of the bluff 
for twice their length, have stopped land dipa, and are an unqualified 
success. They seem to drain the overlying Columbia gravels as well as 
the spring bed. A 20-foot dug well on the terrace, 80 feet above the ditch, 
ie said to have gone dry aince the completion of the tunnels, and the water 
in another dug well 100 feet from the bluS has been preceptibly lowered. 

In ordinary practice there is no need of tunneling to develop hill-side 
springs. A gravel-filled trench to the bottom of the water-bearing bed, a 
covered catch-basin, a ram and pipe are enoogh. Since the work can be 
done when other farm duties are not pressing the labor expense may be 
small. There are many seeps and wet spots along the higher terrace scarps 
and river bluffs in Tidewater Virginia that can be developed by a little 
trenching. 

With the lessened use of springs as sources of domestic water supply 
there has been a great increase in the number of wells, until now, in most 
rural communities, every house has its well. Aa the wells are sunk to 
recover underground waters that are found under very different conditions, 
they vary greatly in depth, diameter, and yield, but may be divided into 
four classes as follows: (1) Dug wells; (2) Bored wells; (3) Driven 
wells; (4) Drilled wells. 

Dug wells. — At present, chiefly because of its low first cost, the dug well 
is the mainstay of a majority of the inhabitants of the Virginia Coastal 
Plain. Except in a few counties, or in exceptional locations, enough good 
water for the needs of an ordinary household can he had by a dug well 
close to the house and less than 50 feet deep, and the labor cost of such a 
well, dug at a time when other farm woric is not urgent, is more or less 
nominal. In most parts of the tidewater coimtry the only laborer specially 
employed is the digger, and he may ask but $6.00 for digging 35 feet. 

Wells dug for household supply are 3 to 6 feet in diameter. When 
sunk through firm loam and sandy clays that will stand without support, • 
usually no lining is placed, except enough at the bottom to keep the sand 
in the water-bed in place. This lining is of 2-inch plank, 12 to 16 feet 
long. Where water lies near the surface the wells are often lined with 
plank or boards from top f« bottom, and have circular, octagonal, or 
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square crofiB-aectione. In some localities the sandy soile will not stand and 
wells must be lined throughout, even though water lies 40 feet below the 
surface. 

The total cost, labor and materials included, for many a 35-fDot well, 

wood easing, curb, rope, and bucket, has been under $20.00. Wells cased 

with brick or tile cost more — the prices asked by well diggers for digging a 

• well and placing brick, running from 50 cents to $1.00 per foot of depth. 

The usual method of lifting water frtan the dug wdls is by bucket with 
rope or chain, and windlass or pulley. At a few wells sweeps are still need. 
At an increasing number of wells are wooden lift-pumps or iron force- 
pumps, but the bucket is found in at least four-fifths of the country wells. 

The great majority of the pumps are operated by hand-power. In 
some localities windmills are used, and here and there are gasoline engines. 

Open wells of the sort most often seen rank among the most effectiTe 
spreaders of disease. Wayfarers and transient laborers handle the bucket 
with their dirty hands, small animals fall in, and all manner of impuri- 
ties, such as the droppings of fowls that have had access to privies, or filth 
from the feet of laborers who have been working about manure heaps, are 
washed in at every heavy shower. If a bed that is water-bearing in wet 
weather is met part way down the walla of the well heave at that point, the 
casing deteriorates rapidly, and in a few years a bre^ comes, with a rush 
of sand. Repairs are troublesome and may be more expensive tiiaa digging 
a new well. In such a caee the old well is often tilled carelessly, adding to 
the unsanitary surroundings of the new one. 

A well should be considered a permanent investment, and if not lined 
throughout with tile or cement should have a water-tight lining for several 
feet from the top. The top should be covered with a good sloping plat- 
form, and a pump that does not need frequent priming should be put in, 
to avoid the contamination of the well water by any water used for priming. 

Bared wells. — This term is here apf)lied to wells dug with an earth 
auger. Such wells are usually from 8 to 12 inches in diameter, and can 
be sunk cheaply where s<»1b are free from large boulders. Most are 
eoveredj have pumps, and are, if curbed with tile, superior to wood-curbed 
. dug wells. They are of course cheaper than dug wells curbed with large 
tile but their reserve capacity is smaller. While not so good for obtaining 
supplies from beds that transmit water slowly, bored welU are much less 
liable to serious pollution than dug wells. 

Driven wells. — Driven wells consist esf^ntially of an iron pipe with a 
pointed cap, are usually li^ or 2 inches in diameter, and are driven to a 
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water bed. They are particularly adapted to localities where soils are 
easily penetrated and water lies in loose, coarse, clean sands. WelU 10 
feet deep or lees may be driven by a maul. Wells over 20 feet deep are 
usually driven by a hammer worked by a block and fall. The extreme depth 
to which a pipe can be driven depends on the character of the soil, but may 
exceed 100 feet. If the snbsoil clay is tough, an earth auger i? used to make 
a hole for the pipe. The water enters the well through holes in the cap 
and near the bottom of the pipe. To keep out sand galvanized iron screens 
are sometimes used, and, if the sand is fine, screens of brass^gauze as fine 
as 80 mesh may be needed. 

Driven wells may be equipped with cheap pitcher pumps, costing $2 
to $5, wood pumps, or force pumps, the latter worked by hand or by a wind- 
mill. The obtainable yield varies with the transmission rate of the water 
bed, depth to water, size of pipe, and the pump. 

From a sanitary standpoint, a driven well is much superior to a dug or 
bored well. If the pipe is driven 10 feet or more below the lowest level 
of the water table, has a collar of concrete to hold it firmly and prevent 
surface water from working down along it, and is topped by a good pump, 
that does not need priming, a driven well is safe from surface pollution. 

There are hundreds of driven wells 1^ or 2 inches in diameter and 5 
to SO feet deep in the low terraces of the Virginia Coastal Plain. They 
are very numerous in Norfolk, Princess Anne, Accomac, and Northampton 
counties. With an ordinary pitcher pump the average yield is about 3 
gallons per minute. The total cost of a driven well varies with the depth 
and the equipment. For wells 5 to 50 feet deep the cost ranges from 
$3 to $40. 

Drilled wells. — Under this head are included all wells sunk by drilling 
rigs, whether of jet, rotary or percussion types. Diameters range from 1 to 
15 inches; depths from 50 to over 2,000 feet. 

In the tidewater counties the deeper wells — most of those over 50 feet 
and very nearly all over 100 feet deep — have been sank by rigs of the jet 
type. In these a stream of water is forced down a hollow drill rod and washes 
op the material loosened by the reciprocating bit. If the beds penetrated 
are loose, casing must be placed as the boring advances. In firm, compact 
sandy clays the hole will stand without casing. If no hard layers or loose 
sands are encoantered progress is rapid, and by hand power alone a depth 
of 400 feet can be reached. 

Hand power rigs have light derricks made of wood or of iron pipe, 
and are worked by two or more men pulling on a rope leading over a head 
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pulley, the bit being rotated with a wrench. Two other men are needed to 
work a pump to force wat«r down the rod through openings in the bit 
and up the casing, and wash out the drillingB. In firm sands free from hard 
"rocks" a hand power jet rig put down a 1^ inch hole 160 feet in half a. day, 
but should one or more "rocks" be encountered, even though these be but a 
foot or ao thick, a driller may be a week or two in completing a well. 

Drillers have sometimes substituted horse for man power, but practi- 
cally all wells over 300 feet are now sank by riga with gasoline or steam 
engines. With these rigs, wells 3 or 3 inches in diameter have been sunk 
over 1,000 feet through the Coastal Plain beds. Various types of gear are 
used for giving a reciprocating motion to the drill rod. A rig capable of 
sinking a 3-inch hole 1,000 feet requires the services of a driller and a 
helper. The rate of progress, hence the total cost of drilling, depends 
largely on the skill and resourcefulness of the driller. Hard beds give 
trouble, but rapid progress is made through firm sands. 

For wells of large diameter, such as are needed for city supply or for 
the equipment of manufacturing plants, three types of drilling outfits have 
been used in the Virginia Coastal Plain ; the jet, the rotary hydraulic, and 
the standard cable, all of which require for heavy work a driller, a helper, 
and one or two laborers. 

The rotary hydraulic rig has a revolving bit down which wafer is forced. 
It is particularly suited for rapid advance through soft or unconsolidated 
deposits. The chief objection to its use in a district where the water- 
bearing beds are thin and have not been definitely located, is that a sludge of 
mud and water is ueed to plaster the sides of the hole to prevent sand beds 
from running. By keeping pressure on a pump and forcing down mud 
a driller need not place casing and can therefore make rapid progress; 
this tempts him to neglect possible water beds, particularly if he is work- 
ing at so much per foot. One well in Tidewater Virginia, said to have 
been sunk by this process 1,000 feet without casing, was not a success, 
though flows were found at leaser depths by other wells in its vicinity. 

The standard cable rig, the best type, all things considered, for going 
through rock, is not particularly adapted for work in the Coastal Plain 
sands and clays. In most localities the caaing has to follow the bit closely, 
and even a careful driller may have great diiGculty in getting through 
loose sands which sometimes rise in the casing 100 feet over night. Sudden 
inrushes of sand may bury the drill, causing vexatious delays. Again the 
frictional resistance of the sands may prevent the casing, after several 
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hundred feet are placed, f rmn going down by its own weight ; then it has 
to be driven and heavy driving may break it at s(MDe joint, canaing its 
collapse and the loss of the well. All things considered the jet rig is 
perhaps the best of the types in use, though in places what is known as 
the California stove-pipe rig conld be used to better advantage. 

The actual cost of drilling a given well and the price asked by the 
driller may differ greatly. The driller assames the risk of accidents and 
unforeseen delays, oan not work all the year, and has to bear the expense 
of moving and setting up his rig. The drilling cost varies with depth, 
the rate of advance, the casing needed, etc. Where drilling ie good the 
actual labor and power cost of a 1^-inch well 150 feet deep may be $10; 
if hard "rocks" are struck the cost may be $75. The cost of larger wells 
varies as widely. Under favorable conditions a six-inch hole can be sunk 
1,000 feet for $1 per foot, excluding casing, but more than one driller has 
lost money contracting to sink 600 feet tor S3 per foot. 

The usual price for a cased six or eight inch well frMu 200 to BOO feet 
<feep has been $3 per foot. 

Most of the small diameter wells are sank on a "flow or no pay" 
contract. Where a driller knows that at a certain depth water can be 
struck having sufficient head to rise above the well month he will contract 
at a low figure, whereas in territory that is new to him, or where the surface 
elevation makes a flow doubtful, he will ask much more. Large diameter 
wells are usaally sunk at so much per foot, the price increasing below 
certain depths, or imder a contract to get a flow and complete the well for 
a certain price. Whether the owner is liable to lose more at the hands 
of an unscrupulous driller by contracting for a flow at an unnecessarily 
high price than by having the driller working at so much per foot, pass 
by water beds to mn up the total cost, is a question. The fairest contract, 
where conditions are unknown, is one which protects the driller from loss 
and stimulates him to do his best. Such a contract should be at a certain 
price per foot, with a bonus for obtaining the desired flow within a given 
time, or above a given depth. 

Speaking generally, the cost of a well may run frem 10 cent£ to $6.00 
a foot, depending on the diameter of the well, the length of casing needed, 
and the material penetrated. The writer knows of a fine IV^-inch well 
150 feet deep, that cost, casing and all, but $18, and of a 6-inch well 
1,000 feet deep that cost $4,000. 

The most expensive well ever drilled in Tidewater Virginia is the on^ 
sunk at Portress Monroe in 1902. This had 16-inch casing to 720 feet. 
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IS-inch coBing to 1,200 feet, aod 9-mch casing to 2,128 feet. From 3,138 
to 2,250 feet no caeing was placed. The contract price vas $34,820. 

HAGNFIIC WBLLe. 

The on]y magnetized well in the tidewater region to come to the 
writer'B notice is that of J. M. Shackelford at Severn, in OlonccBter County. 
At first the caeing is said to have had magnetiflm enough to hold up a 
10-penny nail, but in November, 1906, two years after the well was 
drilled, the magnetism waa just sutScient to draw from the perpendicular 
ft amall iron key suspended from a ring. 

The reason for the magnetic action of the casing is simple. The 
earth is itself a great magnet; the drill falling at right angles to what are 
known as the lines of force becomes magnetic, the jar of the bit helping 
the particles of steel in it to become polarized. By the scraping of the bit on 
the casing the latter is magnetized in much the same way as a knife 
blade is by rubbing it on a pocket magnet. The duration of the magnetic 
effect depends on the physical structure of the metal in the casing and on 
the original intensity of magnetization. 

Claims that magnetic waters flow from such magnetized wells have 
been made, but have not been verified. The casing of the well at Severn 
is aaid to have shown a stronger effect when the water was running than 
when the flow was shut off. That auch was actually the case seems doubt- 
ful. 

YIELD OP WFIXS 

When the water in an open well is lowered by bailing or pumping the 
upper surface of the ground water is locally depressed, and under continued 
pumping falls until the increased rate at which the water enters the well 
from the surrounding sands by reason of the pressure toward it, equals 
the rate of bailing or pumping. The rate at which water flows to the well 
depends on the difference in pressure between the water at the instant it 
enters the well and the water in the surrounding sands, as measured by the 
local depression of the water table, and the ease with which the sands 
transmit water. As has been stated, every soil has a certain porosity 
determined by the size of the voids between the soil particles, and every 
soil has, at a given temperature and a given difference of pressure, a certain 
rate at which it will transmit water, called its transmission constant. 
The conditions governing flow to wells have been studied by Schlichter, 
among others, who says: 
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"The amount of water yielded by a common well or by a non-flowing 
tubnlar well is dependant first of all upon the degree of floeness of the 
material in the various ftrats from which the water is obtained. The 
size of the soil graina not only detenninee the rate at which water can be 
transmitted to the wells under a given head but it also determines the 
proportion of contained water the soil will freely part with. The Une- 
graiued soils retain a considerable proportion of the water of saturation 
as capillary water even after free means of drainage are established, so 
that fine-grained materials will not only deliver water slowly but will 
furnish only a small total amount. Some quicksand is so fine that the 
waters can be pulled away from the fine grains only with the greatest 
difficulty."" 

The same general principles apply to artesian and flowing wells as 
to shallow open wells. The yield of water depends on the difference in 
pressure between the water in the well and the water in the sand, on the 
temperature (which for deep wells is unvarying), on the porosity, or rather 
the transmission constant of the sand, and on the thickness of the sand. 
These factors account for all the differences observed in the yield of flow- 
ing wells, except such as are due to faults in drilling or maintenance. 
Fine sands, imperfectly assorted sands, and clayey sands transmit water 
less freely than coarse, clean, evenly assorted sande, and coarse gravels 
transmit water still better. The boldest flows in the tidewater country 
come from beds of coarse, rounded sand or from beds of smooth gravel. 

LOSSES OF HEAD OS YIBLD IN FLOWINQ WELL8 

Cauaea.—'The commonest complaints of a well owner are that the water 
in his well will not rise as high as when the well was just completed, or 
that the yield is less, and that if he wants as much water as he had at 
first he must have a new well sunk. The causes of lower head and lessened 
yield are various, and the responsibility may rest on one or on many 
persons. The causes may be summarized thus: 

(1) Faults in sinking; such as (a) improper casing, (b) lack of 
screens. 

(2) Faults in maintenance; such as (a) neglect, (b) abuse. 

(3) Interference. 



,y Google 



70 dnserorotrnd water rbsoubcee of coastal plain pbotinoe. 

Faults in Sinking. 

The desire of a driller to economize on casing has resulted in reducing 
the flow of many a well. Where the clayey Chesapeake or Pamunkey sands 
above the water hed would stand without casing it was customary for a 
driller to place easing through the overlying Columbia or Recent material 
and bottom it in the sandy clay, possibly using in all only a length, 
about 30 feet. Snch work permitted (1) the sub-snrface escape of 
water, by leakage, about the bottom of the casing, or the escape of water 
below the casing from a deep sand into a higher one; (2) the clogging of 
the well by material washed from the sides but too heavy to be carried up 
and discharged by the flow. 

Some drillers instead of placing casing to the water-bed carry it down 
to an impervious layer, but leave a small pipe, usually the %-inch drill 
rod, in the well. This diminishes the danger of the well clogging but does 
not prevent possible leakage outside the pipe, which only half fills the hole 
of water from the deep sand into a sand nearer surface. ' 

Screens have been little used in small flowing wells on the western 
shore of the bay. Their use might diminish the possible yield, but would 
maintain the flow, of many wells sunk into loose sands and showing low 
initial heads. On the Eastern Shore screens are used at many wells because 
■the loose sands and soft clays soon clog unscreened wells, or because at 
pumped wells the sands damage pump valves and cylinders. 

Faults in Maintenance. 

Neglect. — Most flowing wells, like non-flowing driven or dug wells, 
Teceive too little care from owners. Many flowing wells, particularly those of 
low head tapping loose sands, need to be cleaned occasionally. The sand can 
be washed out with a good force pump and enough pipe to reach the 
bottom of the well. A well with a screen is sometimes clogged by sand 
grains packing against the screen. In such a case the flow may be restored 
by forcing water down the casing, thus loosening the packed sand. 

Abuse. — Under the head of abuse come dropping in pebbles or other 
objects too heavy for the water to lift, attempts at cleaning with a i^ash 
weight and string (a plugged well may be the result) and momentarily 
stopping the flow by the hand or otherwise. A momentary stoppage of 
flow may have no effect on some wells, particularly properly cased wella 
with high head, but at others it may permit loose sand in the casing or the 
bore hole to' pack,' thus greatly reducing if not cutting off the flow. .-Vny 
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BuddeD interruption of flow in a well not cased to the bottom may loosen 
material above the water sand and clog the well. 

Generally speaking, it is not advisable to shut ofi a flowiDg well, but 
where unrestricted flow may affect the head of nearby welU the flow may 
be reduced to a small fraction of the normal volume. The reason for not 
shutting off the flow entirely ie that more than one veil has had its flow 
reduced or cut off by children or older persons closing the pipe with their 
hands. 

Intbeverekoe. 

The total supply of water in the artesian sands of the Virginia Coastal 
Plain is practically inexhaustible, but it is easily possible to draw so much 
water from a particular part of a bed, especially if the bed be thin, that 
the head of the water in that part of the bed is decidedly reduced. Such 
reduction of flow has happened at various places along the Rappahannock 
Biver; also, and especially, at Colonial Beach and West Point. 

At Colonial Beach the first artesian wells found water, at a depth of 
about 200 feet, that rose fully 20 feet above tide level, or above the surface 
at the highest points in town. Possibly 200 wells have been drilled in an 
area 1^ miles long and half a mile wide. Ko restrictions have been put 
on flow and a few of the wells are pumped heavily. As a result the head of 
the water in the 300-foot sand has been so reduced that most wells in the 
center of the town do not flow at the surface, and many at lower eleva- 
tions flow only at high tide. Many wells back from the water front have 
been cut off below the surface and now flow into basins 5 feet or so deep. 
The lowest wells, those along the shore, drain those on higher ground. 
The sinking of one well on the water front has stopped the flow of a 
neighboring well on ground a few feet higher. Many of the wells were 
poorly cased and there is probably much leakage underground. That this 
loss of head is purely local is shown by the high heads of wells tapping 
essentially the same horizon at points a mile or two from town. 

.\t West Point where over 300 wells have been driven the loss of head 
has been even greater than at Colonial Beach, but conditions are more com- 
plicated. The city is on a point of land at the junction of the Mattaponi 
and Pamunkey rivers. There is a water-bearing sand at 120 feet and 
another at about 165 feet. Along the water front many wells have been 
drilled and allowed to flow without restraint. As a resnlt wells on higher 
gironnd that formerly flowed now have to be pumped. The 180-foot sand 
that once furnished flows is now penetrated by many poorly cased wells 
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sunk to the 165-foot sand, asd the water Hows down theae holes to the 
166-foot sand and escapes from the river-front wells tapping the latter 
sand. The maximum local loss of head in the 165-foot wells has been 
about 15 feet; in the 120-foot sand even more. According to E. W. Wilkin- 
son, a well sunk in 1884, and one of the first if not the first in the town, 
Sowed at an elevation of 14 feet above surface, or 20 feet above tide. 
After about a year and a half, when a number of wells had been drilled, 
the flow decreased and now the well is pumped. Isolated wells above the 
city or across the rivers show undiminished heads. 

The manner in which poorly cased wells and wells near river level have 
reduced the head of the water in the 120-foot and 165-foot sands at West 
Point is indicated in Fig. 7. 
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Fig. 7. — Diagram illuBtrating artesian w>ell relations %t Weat Point, a, pn>perl7 



FrMn an examination of several hundred flowing wells in the Coastal 
Plain of Virginia the writer ranks the causes of decline in yield as follows : 
(1) interference; (2) neglect; (3) improper casing; (4) abuse. 

Utilization op Supply, 
The great majority of the flowing welk in Tidewater Virginia are pf 
small diameter, 2 inches or less, and yield about S gallons a minute at the 
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well month. This yield with proper economy is liberal for an average 
household. In great manufacturing cities where the installation of 
meters on all aerrlce mains has reduced the consumption of water to 
actual requirements the daily consimiption is aa low as 50 gallons per 
capita. The average person drinks about 3 pints of liquids per 
day and 25 gallons per capita has been estimated as sufficient for all 
domestic needs. Hence a flow of 2 gallons per minute, or 2,880 gallons 
per day, if storage capacity is provided, will not only more than suffice for 
a household of average size, but the overflow piped to the bam will water 
many head of stock, allowing 8 gallons per head. 

Yet at most places in Tidewater Virginia there is little effort toward 
economy. On the other hand, there are a few places, notably Tappahan- 
nock, where the superiority of the deep waters to those obtainable from 
dug wells is so much appreciated that wood or concrete tanks are built at 
some well mouths from which the water is piped to pumps or taps at two 
or three houses. 

Rams at flowing wella. — ^Where a house and farm buildings stand on a 
terrace 2& feet or more above river or bay level and flows on the terrace 
are impossible, an abundant supply may be had for dwelling and bam by 
harnessing a hydraulic ram to a flowing well of good head below the terrace 
and piping the water to a tank. A flow of S gallons per minute at 10 feet 
above tide level can be had along many inlets on the lower courses of the 
rivers on the west side of Chesapeake bay. If properly placed and con- 
nected, to utilize 7 feet of this head, a ram costing possibly $15 will afford 
1 gallon per minute at 40 feet above the ram. There is little difficulty 
in thus making a Sowing well pump its own water. The most essential 
feature of the equipment is a basin, small tank, or stand-pipe between the 
well and the ram; the ram should never be connected directly to the well. 
There are io Tidewater Virginia a number of wells with ram^ that give 
satisfactory service. Some failures reported were due to not determining 
in advance the available head and flow and the amount that could be 
delivered at the desired point; other failures were due to improperly placed 
or connected equipment. 

SANITAHY PBOTBCnON OF WELLS 

In drilled wells there is ordinarily slight danger of pollution except 
from the top, because the tight iron casing protects against sub-surface 
contamination. Yet one can see wells that cost $300 sunk to sands that 
yield beautiful water, into which all kinds of backyard refuse are washed 
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at every rain, simply becauBe the top of the casing or the pump chamber 
is iK>t properly protected, a defect remedied at trifling expense. Flowing 
wells, such as those in the Virginia Coastal Plain, are practically unpolln- 
table, and it is to this fact that the improved health of particular commoni- 
ties after the development of artesian supplies has largely been due. 

The greater the number of people that may use a well the more urgent 
the need of the well water being free from disease germs. Also it is 
evident that if many people use an open well there is more chance of some 
person who carries disease germs handling the bucket and thus contamina- 
ting the well water. Consequently, wells at churches, camp-meeting 
groonds, courthouses, and schoolhouses need to be dug and protected with 
more than ordinary care. Many cases of typhoid fever have been traced 
to such public or semirpublic wells, and yet the precautions taken against 
the pollution of well water at many gathering places in the tidewater 
country are practically of no account. Usually the most that 13 done before 
a camp meeting is to clean the dug well. This is a wise precaution but 
does not lessen the chance of the water being polluted during the meeting. 
Absolute safety means making pollution impossible. This implies location 
with regard to natural conditions of drainage — most church and court- 
house wells in the tidewater country satisfy this requirement — and then, 
if water can not be had by a driven well and a deep drilled well would be 
too costly, providing a water-tight casing extending several inches above and 
at least 5 feet below ground level, a water-tight cover and a good pump. 
The open well and the oaken bucket may appeal to sentiment but the 
tightly cased well and the force pump are far more sanitary. 

Even though a drilled or driven well is properly sunk and has a good 
pump, occasional inspection is necessary to make sure of an unpolluted 
supply. A virulent outbreak of typhoid at one locality in Ihe tidewater 
country was traced to the schoolhouse well. This well had been sunk to 
an artesian sand, the water from which rose to within a few feet of surface. 
As the artesian water was known to be excellent the well was not suspected 
until the coming of the fever, which attacked 40 per cent of those who drank 
the well water. Investigation showed that the casing had rusted through 
at ground water level, a few feet below surface, and in consequence the well 
for an unknown length of time had not drawn on the artesian supplies but 
on a polluted soiirt-e. 
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PUBLIC HEALTH AS HELATED TO TTNDEBQBOinin) WATEB STTPFLT. 
Without accurately kept mortality tables covering a term of years, it 
is practically impossible to prove or disprove statemente regarding changes 
in the death rate or in the prevalence of particular diseasee at specified 
communities. Hen«, statements regarding the effects of changes in the 
conditions of living in the smaller settlements and the rural districts of the 
Virginia Coastal Plain are of value only in so far as they are put forth by 
persona who are familiar with the conditions and are competent to judge. 
For this reason the testimony of local physicians is of decided value. In 
their opinion changes in sources of water supply in townp, villages, and 
on farms have been followed by definite changes in the prevalence of 
specific diseases, more especially typhoid fever and malaria. Following 
the lessening use of springs as sources of supply and the increasing use of 
unprotected dug wells, there was & marked increase in typhoid. The sub- 
stitution of driven and drilled wells for open wells at particular villages 
has notably diminished the prevalence of this disease and lowered the 
death rate. In addition physicians living in widely separated communities 
claim that the development of artesian supplies in the lowlands along 
the rivers has practically freed many tracts from the malarial fevers for 
which they were once notorious. 

mnnciFAL water supplies 

SOCRCE OF SUPPLY 

Some of the towns and cities in the area covered by this report have 
waterworks that distribute surface water, a few have plants that draw on 
underground supplies. The surface water is variously obtained from rivers 
or ponds, the underground water from shallow or deep sources. 

SURFACE WATEH 

Bivers and creeks are the more important sources of surface water. 
They are subject to great variations in volume of flow and quality of supply ; 
at times of flood they contain much finely divided mineral matter in suspen- 
sion or semi-aolution, and are extremely turbid. Many of the surface waters 
are polluted ; the large rivers by the sewage of cities, the creeks by drainage 
from privies, barnyards or cultivated fields. The ponds drawn on are as a 
rule less liable to pollution, but vegetable growths frequently make the water 
high-colored or girp it an offensive smell and taste. In consequence, most of 
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the public supply systems include equipment for rendering the water more 
acceptable, ranging from simple settling baeina to elaborate filtration 
plants. 

DNDEHOHOOND WATER 

Though the porous sands of the various Coastal Plain formations form 
great underground reservoirs, they are much less important as sources -of 
municipal water supply than rivers and creeks. This is because there are few 
cities or towns of large size along the middle portion of the Virginia 
Coastal Plain where the undergroimd waters, and more especially the 
artesian waters, are most readily available. The cities are chiefly on the 
western edge of the Coastal Plain, where flowing wells can not be had and 
the ground water supplies are not sufficient for the needs of large cities; or 
towards the seaward edge where the deep artesian water is not well suited 
for municipal use, and satisfactory shallow water is restricted to certain 
areas. 

flUITABILITT OF flUUFACE AND UNDBROaOOND WATERS FOR MUNICIPAL NBBD8. 

The belief that underground water is better, that is more healthful, 
than surface water is widely held, but rests on the sparkle, clearness, cool- 
ness and taste of well and spring waters rather than on careful investiga- 
tions of their merits. 

Surface waters are often badly polluted but settling and filtration 
render them innocuous; the water furnished by the supply systems of the 
larger cities in eastern Virginia is, from a sanitary standpoint, altogether 
superior to that obtained from many dug wells in villages. The deep 
artesian waters are unpolluted, but under a considerable part of the Vir- 
ginia Coastal Plain they contain enough mineral salts to make them less 
suitable for boiler supply and other industrial purposes than filtered surface 
water. The latter, as a rule, contains little lime and the addition of the 
chemicals for precipitating finely divided matter does not increase the 
mineral content enough to affect the industrial value of the water as distri- 
buted. In general it may be said that nearly all of the public supply systems 
distribute good water, that is, water which satisfies sanitary and industrial 
requirements. In fact, most of the cities of Tidewater Virginia have 
reason to be proud of the excellence of their public water supplies. 

NOTES ON CITT AND TOWN 8UPPLIBB 

The city of Richmond owns its water supply system. James Hiver 
receives the sewage of several cities and towns and is often very turbid. 
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The water is collected in a settling reaervoir above the city limits and after 
purijication is pumped to the mains and to smaller distributing reservoirs 
on high points in the city. Careful determinations of the variations in 
turbidity, and chemical and bacterial quality of the water were made 
during a number of years, and on the basis of the results the city installed 
a sedimentation and coagulation plant. The water after treatment is 
remarkably clear. The municipal waterworks in Manchester distribute 
James Kiver water, collected above the city at a point opposite the intake 
of the Richmond city waterworks and puriiied by sedimentation and 
mechanical filtration. 

Barton Heights, a suburb of Richmond, was supplied in 1910 with 
water obtained from a spring and from a well 759 feet deep. 

Norfolk gets water from three distributing systems. The city water- 
works, which supply most of the city, draw on small lakes in low ground 
northeast of the city ; the sanitary surroundings of these in 1906 were good. 
Complaints of color and odor, caused by vegetable growths, led to the 
installation of a coagulation and filtration plant, and the water supplied 
is now satisfactory. To meet the prospective needs of the city other sources 
of supply have been sought. Part of Norfolk and several suburban towns, 
Lambert's Point, Ocean View, Huntersvilie and Lindenwood, are supplied by 
the Norfolk County waterworks, which get most of their supply from a 
system of driven and dug wells on a tract of land near the lakes that supply 
the city works. This ground water is of good quality and is distributed by a 
direct pressure system without filtering. To supply an increasing demand 
the company has investigated the development of surface waters similar lo 
those distributed by the Norfolk City waterworks. The eighth ward of 
Norfolk, formerly the city of Berkeley, is supplied by the Norfolk, Berkeley 
& Suffolk Water Co. Most of the water comes from a system of shallow 
driven wells on a tract of land not far from Berkeley, but part comes from 
Smith's Creek (Lake Kilby) near Suffolk. The well water is of satisfactory 
quality but the quantity obtainable on the tract near Berkeley is insufficient 
for the prospective needs of the community. 

The cities of Suffolk and Port-mouth are supplied by the Portsmouth, 
Berkeley & Suffolk Water Co., wifh Lake Kilby water. The water of 
Lake Kilby is high-colored and at times has an objectionable smell. The 
water distributed passes through a coagulation and sand-filtration plant 
which reduces the color and removes the odor. 

'ITie city of Newport News, the city of Phcebus, the town of Hampton, 
the Hampton Agricultural and Collegiate Institute, the National Soldiers' 



,y Google 



78 UNDERGROUND WATER HE80DHCB8 OF COASTAL PLAIN PBOVINOB. 

Home, near Hampton, and the military post of Fort Monroe, are supplied' 
with water by the Old Dominion Water & Power Co. This company has 
a large reservoir in Warwick County, controls practically all the watershed 
(about 1,500 acres) of the creeks feeding this reservoir, and endeavors to 
protect the watershed from pollution. Because of complaints of high 
color and disagreeable odor the company installed a coagulation and filtra- 
tion plant (mechanical filters) and the water is now satisfactory. 

The city waterworks of Petersburg distribute surface water obtained 
from Livetenant Bun, a creek that empties into Appomattox Biver on tha 
east side of the city. The watershed of the creek is t^)en to pollution from 
dwellings, but the creek water is passed through a settling and coagulation 
basin and is filtered before distribution, consequently its quality is satis- 
factory. 

Fredericksburg owns its distributing system, which obtains water from 
a canal of the Rappahannock Power Co., supplied by a dam on Rappahan- 
nock Biver three miles west of the city. The river is often very turbid and 
local conditions do not tend to improve the quality of the water passing 
through the canal, but a cdlecting reservoir at the pumping station permits 
decided improvement by sedimentation. From the collecting reservoir the 
water is pumped to a distributing reservoir on the heights south of the city. 
A considerable number of people in the city obtain water from the mains 
of the Aqueduct Company. This water comes from several springs, none 
of large size, on the high ground south of the city, and is generally of 
satisfactory quality. 

Alexandria has city waterworks that distribute water from Cameron's 
Run, a creek on the south side of the city. The water is collected three 
miles west of the city and brought by a canal to a pumping station, whence 
it is forced to settling and distributing reservoirs on Qrimes' Hill. The 
run water is often turbid, the water shed is inhabited, and conditions along 
the canal are not altogether satisfactory. However, the quality of the 
water is decidedly improved by sedimentation in the settling reservoir. 

The city waterworks of West Point draw on artesian wells that tap 
sands 330 feet below surface. The sanitary excellence of this supply is 
not disputed, but its industrial value would be greater were the water less 
mineralized; it contains considerable bicarbonate and sulphate of soda and 
in boilers has a tendency to foam. 

The town of Franklin has a public supply system drawing on Black- 
water River. The water is pumped from the river to a tank on a high 
tower ; it is a good boiler water but at times is objectionable for drinking. 
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The Smitbfield supply is from a pond on & small creek three miles 
west of the town. It is not filtered, but the small watershed of the creek 
is sparsely settled, and except for vegetable growths the quality is satis- 
factory. 

The town of Emporia distributes Meherrin River water. An attempt to 
get water by a deep well gave unsatisfactory results. 

Practically all the water distributed by the municipally owned system 
of the town of Cape Charles comes from driven wells varying in depth 
from 30 to 90 feet. The supply is not altogether satisfactory, partly because 
the wells are close to tidewater. The water is hard and forms scale in 
boilers. 

The Onaucock waterworks draw on driyeo and drilled wells less than 
76 feet deep, and on a large dug well. The water, while slightly bard, 
works well in boilers, and except for the possibility of polluted water 
entering the dug well, the sanitary surroundings in 1906 were good. 

The military post of Fort Myer, west of Alexandria, is supplied with 
filtered Potomac River water. Fort Hunt on Potomac River, below 
Alexandria, obtains excellent water from an artesian well. 

A summarized statement of information collected regarding the public 
water supply systems of the Coastal Plain towns and cities appears in 
table 3. 
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HIHEKAL WATERS 

The term, mineral water, as commonly used, implies either water having 
therapeutic value or water differing decidedly from that obtained from the 
springe or shallow wells of a given region. Some waters, classed as mineral, 
are very soft and pure, and owe the esteem in which they are held largely 
to their low mineralization. Others are so highly charged with various 
substances that they are offensive to taste and smell and have a powerful 
physiologic action. 

As has been stated the potable underground waters of the Virginia 
Coastal Plain differ widely, the amoont of dissolved mineral matter they 
contain varying from less than 50 to over 9,000 parts per 1,000.000. Many 
are especially light and pleaf^nt table waters ; a few are bo strongly mineral- 
ized that they should be drunk only under the advice of a physician. 

In general, the shallow waters differ more than the deep waters, yet 
they arc distingui-^hed by the predominance of calcium and magnesium 
salts. Some springs of shallow source contain iron and aluminum salts in 
sufficient quantity to have therapeutic value, others are notably free from 
such compounds. Most of the spring waters that have been marketed are 
of such low mineral content that they are to he classed as table rather 
than as medicinal waters. 

Outside of Southampton and Alexandria counties and a part of Essex 
County the deep waters so far developed are characterized chiefly by the 
pressence of sodium and potassium salts, especially the bicarbonates. Few of 
these waters have been marketed, partly owing to lack of suitable transporta- 
tion facilities. Some of those exploited contain sodium and potassium 
bicarbonates in sufficient proportion to be of therapeutic value. 

The following list includes wells and springs from which water has been 
shipped in a commercial way at times during the past five years: 

Beaufort Lithia Spring Chentprfield County 

Bellfont Litlua Spring Chesterfield Countv 

Buckhead Lithia Spring Cheaterfleld County 

Campfield Lithia Spring Chesterfield County 

Cappahonk Lithia Spring Cbeaterfleld County 

Days Point Artesian Lithia Spring Isle of Wight County 

Diamond Spring l^rincesB Anne County 

Krup Mineral Spring Alexandria County 

Fontioello Litliia Spring tMiesterfield Countv 

Holly Lithia Spring Chesterfield County 

Hume Spring .Alexandria County 

Londale Mineral Spring .Vorfolk County 

Mico Water Alexandria County 

Mulberry Island Chloride Lithia Water.. .. Warwick County 

Trepho-Lithia Water Rnrrj- County 

Powhataa Spring Alexandria County 

Virginia Lithia Springs , . , . Chesterfield Countv 

White Oak Spring Norfolk County 
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Other springs and wella than those oamed have in years past furnished 
water for sale, and a few haye been more or leas extensively exploited. 

The list of producers shows that mineral springs are apparently confined 
to a few counties, seven of the eighteen springs named being in Chesterfield 
County, four in Alexandria County, and two being in Norfolk County. 
This localization, however, simply means that most of the commercial 
springs are near cities in which there is a demand for agreeable drinking 
water. Thus the Chesterfield County springs had their commercial begin- 
nings in shipments to Bichmond, and those in Alexandria County in ship- 
ments to Washington, at a time when the public supplies of both Richmond 
and Washington were often turbid and were regarded with suspicion by 
many people. The chief market for the springs in Norfolk County is the 
nearby city of Norfolk, 

There are few sanatorinms or large hotels utilizing the alkaline artesian 
waters for the treatment of disease, but a large amount of water that might 
be designated as 'Mineral" under any usage of that term, is obtainable from 
artesian wells along the lower courses of Potomac, Rappahannock, and 
James rivers, and at least one city. West Point, distributes by a public 
supply system an alkaline bicarbonate and sulphate water that is claimed 
to have decided merit in the treatment of certain disorders of the stomach, 
liver and kidneys. 

VALDE OP MINBBAL WATERS 

The total value of the mineral water reported sold by the springs and 
wells named in the preceding list amounted to $33,000 in 1910. In 
addition to these sales several of the springs used large amounts in the 
manufacture of sweetened beverages. 

SEEP WELLS IH CRTSTALLniE SOCKS. 

General statemeni. — All the flowing wells of Tidewater Virginiu tap 
waters that circulate through pervious beds in sedimentary deposits. Along 
the western edge of the Coastal Plain, a considerable number of wells have 
been sunk through the comparatively thin, sedimentary beds and have 
obtained water from the underlying crystalline rocks. 

These rocks are hard, dense and without pervious beds. The water does 
not move through minute interstitial spaces but through relatively free 
passages, joint cracks which intersect the mass of the rock at various angles. 
The joints are of two orders, those roughly parallel to the upper surface of 
the rock or sheet joints, and those which are steeply inclined. Near surface 
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the sheet joints are much nearer together and more open than at a depth 
of Beveral hvmdred feet. The vertical joints do not disappear as rapidly 
with depth, but as a rule grow narrower below; yet they do not extend 
downward indefinitely. Since the water lies in cracks and crevices that 
intersect irregularly there is nothing regular in its occurrence. Success in 
drilling depends on striking a crevice, and the wider and longer the crevice, 
and the greater the number of crevices it intersects, the larger the yield. 
One well may find water at a certain depth, while another, a few feet distant, 
may go twice the depth and find none; one well may strike a crevice carry- 
ing water fed to it from some distance through a aeries of connecting 
crevices; another may strike at over 1,000 feet a crevice containing water 
that comes almost directly from the surface and possibly from close to the 
well mouth. The general character of the circulation in the crystalline 
rocks is shown hy the accompanying diagram. 



Fig. 8. — Di&gnun illiutrating circulation of water in eryatalline nxdu, and well 
eupplj. (a) Deep well strildiig water that enters ne&r well. (6) Beep well 
flndlna; no water, (c) Deep well striking several crevices, (d] UncooBolidated 
material. 

For the above reasons deep wells in crystalline rocks are considered by 
themselves, and facts relating to them are tabulated separately. Also, as 
the results of deep drilling in the vicinity of Bichmond throw light on the 
occurrence of water in similar rocks and the prospects for deep wells in a 
strip of country extending from Maine to Georgia, some data collected in 
the course of field work are here discussed in detail. 
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WELLS KEAR KIOHMOND 

Qeneral conditions. — ^Richmond is situated at the "fall-line;" the 
resistant crystalline rock, a gray hornblende granite, outcrops in the bed of 
James Biver and causes rapids. In the low ground along Shockoe Creek 
and Gillies Creek the granite ia overlain by Potomac eands and gravels; 
on the higher ground in the central and north parts of the city by Chesa- 
peake dark sandy clays or marls, and along James Biver near the rapide by 
Columbia cobble beds and loams. The James is tidal to the foot of the 
rapids but the high Sunderland plain on which much of the city is built 
has an elevation of from 175 to over 800 feet. Hence, elevations of well 
mouths differ greatly and though a few wells were started almost directly 
on granite, others went through over 100 feet of loam, clay, and sand before 
striking bard rock. 

Because of differences in surface elevation there are differences in the 
depth below surface at which water stands. In wells on high ground in the 
center of the city, water level is over 100 feet below surface. As most of 
the wells are pumped intermittently and few give large yields, deep well 
pnmpB are generally used. In some of the wells the pump barrel is 300 
feet below the well mouth. The waters show wide differences in composition 
and have no general resemblance ; two or three wells seem to draw on the 
same system of joint cracks, and one well yielded water unlike any other 
in Tidewater Virginia. Particulars are summarized in the accompanying 
table ; only those wells that are of especial interest are discussed at length. 

WELLS NEAR RIVER FHONT 

Richmond Paper Co. — One of the first deep wells at Richmond was that 
of the Richmond Paper Co., drilled near the comer of Byrd and 9tb Streets, 
in 1884. Water which rose to within 60 feet of surface, elevation 83 feet, 
was found at 350 feet, but it was sulphur-bearing, pitted boilers, and con- 
tained BO much iron that it could not be need in bleaching rags, conse- 
quently the well was abandoned. 

Albemarle Paper Co. — Another early well was that of the Albemarle 
Paper Co., on the river bank near Hollywood cemetery, put down like that 
of the Bichmond Oo., to get water more suitable for making paper than 
that obtained from the often-turbid James. It was started 10 feet above 
the river and found a small crevice at 225 feet from which water rose to 
about river level. The yield is so small, about S6 gallons per minute, that 



yGoogIc 



86 UNDEHOBOUND WATER RESOURCES OF COASTAL PLAIN PROVINCE, 

little use is made of the well except for drinking and washing filters. For 
boilers and for paper-making the company filters some 500 gallons per 
minute of river water. 

Other wells. — -In addition to the wells of the Albemarle and the Richmond 
paper companies, there are a number of others near the river, including 
those of Kingan & Co., the Merchants Cold Storage and Ice Co., and 
the Transparent Ice Co. Depths varj- from 248 to 703 feet and yields from 
15 to 210 gallons per minute, the deepest well giving the smallest supply. 
At the Kingan well, according (o report, the drill dropped over 1 foot 
when the water-bearing crevice was reached. At these welli* there is a 
relatively Ihin cover of earth, at some wells mostly made ground, above bed 
rock, and as suggested by Darton" they may yield surface water in part, 
though in most wells the character of the supplies indicates a deeper circu- 
lation. The waters contain enough lime and magnesia salts to make them 
bad for boiler use and they are utilized for condensing only. That from 
Kingan & Co.'s well has a sulphur odor, a flat taste, and is purgative ; it is 
said to be so corrosive that ordinary casing lasts only 3 months and heavy 
galvanised casing but 3 years. 

The analyst gave the following partial analysis with the results expressed 
as hypothetical combinations. The determinations have lieen recomputed 
to part* per 1,000,000. 

Partial anaJysis of water from J,38-foot welt of Kingan & Co. 
(Froehling & Robertson, annlysts. ) 

I'lirts per 1.000,000 

Total ftolids 770, 

Silica (SiO,) 31.5 

Alumina and iron oxides (AT^a -|- F;0,) 18. 

Calciuin carbonate (CaCO,) ITS, 

Calcium chloride and sulphate (('iirl,-|-rnSO,) 181. 

Magnesium chloride (MgCI,) 107. 

Alkaline chlorides and Bulphntes 2(17 . 

WKLLS NKAII THK C'KNTEROF TEIli CITY 

Hotel Jeffernon. — An inleresting series of wells is that drilled on high 
ground, near the center of the city and northward, for the three hotels and 
the apartment house named below. .\ll are 8 inches in diameter and range 
in depth from 365 to 70-> feel. As the table shows, the depths to water and 

n well prospects in the .Atlantic Coastal Plain, U. S. 
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the height of tiie water level differ considerably, aft«r due allowance is 
made for difference of elevation. The record of the Hotel Jefferson well 
ia as follows: 

Record of 44-^-foot well at Hotel Jefferson. 



Group or 
formation 


Material 


Tliickness 


Depth 


COLtniBiA 




41 
2 

16 

12 
Ift 
S 

ai2 










Chesapeake 

Calvert 


Yellow clnv 

Black clay 

Sand 


4S 
76 




Sand, marine shells nnd a 




pBE-CAMBRtA>- 


Blue claj 

Soft granite 

Hard and soft granite, 
wat«r at 410 to 438 ft 


IIH 
123 

445 



The well is said to be cased to 400 feet. The water rises to within 60 feet 
of surface, elevation 180 feet, but to obtain a yield of 60 gailonK per minute 
the pump barrel had to be placed near the bottom of the well. The water 
is used at the table and for other purposes about the hotel but not for 
boiler supply. The following analysis, recalculated to express results in 
ionic form, was furnished by the manager. 

Analt/sig of water from iJtS-fooi well at Hotel Jefferson. 
(Henry Froehling, analyst.) 

Parts per 1.000,000 

Total aolids 173 

Silica (SiO,) 38. 

Iron and aluminum oxides (Fe^ + ALO,) 5 

Calcium (Ca) 30, 

Ma^piesinm (Mg) S.(J 

Sodium (Na) «.2 

Potassium (K) 1 2 

Carbon«ta radicle (CO,) 51 . 

BicariMDate radicle (HCO,) not reported 

Sulphate radicle (SO.) 33 

Chlorine (CI) 4.B 

Chesterfield Apartments. — At tiie Chesterfield Apartments well, eleva- 
tion 195 feet, the water, which was found at 230 feet down, stands 150 
feet below surface but the yield is so free tiiat the level is towered only 
slightly by steady pumping. The apartments in 1906 used no i-ity water at 
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all. The following analjsifi, recomputed from one obtained from the 
manager, iodicates that the well water contains bicarbonates of lime and 
magnesia aa principal substances in solntion, and considerable silica. 

Analysis of water from S8B-foot well at Chesterfield Apartments. 
(Henry Froebling, analyst,) 

Parts per 1,000,000 

Total solids 287. 

Organic matter 3 9 

Silica (SiO,) 47. 

Aluminum (Al) 0.5 

Iron (Fe) 0.6 

Manganese (Mn) 0.17 

Calcium (Ca) 29. 

Magnesium (Mg) 12. 

Sodium (Na) 18. 

PotasBium (K) 3.7 

Lithium (Li) 0,01 

Strontium (Sr) 0.24 

Iodine (I) 0.009 

Bromine (Br) trace 

Arsenic (Aa) trace 

Bicarbonate radicle (HCO.) 138. 

Sulphate radicle (SO,) 26. 

Phosphate radicle (PO.) 0.8 

Chlorine (CI) 6.1 

Murphy's Uotel. — At Murphy's Hotel are two wells; one is said to be 
450, the other 70S feet deep. The second well had not been put in service 
when the data for this report were collected. The first well, elevation 175 
feet, struck rock at a reported depth of 185 feet. The water level is given as 
100 feet below surface and the yield as 40 gallons per minute. The well 
is said to be cased for 350 feet, and the pump plunger is at 390 feet. The 
water is used for drinking and cooking, and has been bottled for table and 
medicinal use as Granite Lithia Water; though used in a boiler it is not 
satisfactory for that purpose, foaming somewhat. A series of analyses made 
by Otto Meyer" in 1904 showed the presence of radium and traces of several 
rare earths and of tin, copper, and nickel. The principal substances in 
solution, however, seem to be bicarbonates of calcium and magnesium. In 
general the water is much like that from the Chesterfield Apartments well. 
The following analysis, recomputed from that furnished by the analyst, is 
given for comparison. 



^Me^'er, Otto, Radium in wat«r from a deep well, Sci. . 
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Anah/sis of Granite Litkia Water; welt at Murphy's Hotel. 
(Henry Froefaling, analfst.) 

Determinntion Parta per 1,000,000 

Tottl solids • 198. 

Organic matter 0.82 

Silica (SlO,t 34.4 

Aluminum (Al) 0,3 

Iron (Fe) 0.31 

Manganese (Mn) 0.063 

Calcium (Ca) 21. 

Ma^eaium (Mg) fl.5 

Sodium (Na) 21.0 

Potassium (K) 6.9 

Lithium (Li) 0.016 

Strontium (Sr) 0.10 

Baiium (Bb) 0.04 

Iodine (I) 0.002 

Carbonate radicle (CO,) 70. 

Phosphate radicle (PO,) 0. 19 

Sulphate radicle (SO.) 24. 

Nitrate radicle (NO,) 0. 15 

Chlorine (CI) 8.6 

Richmond Hotel — The well at the Richmond Hotel, elevation 157 feet, 
struck a crevice yielding a large supply, said to be 300 gallons per minute; 
the depth to water could not be ascertained from the engiBeer in charge of 
the plant, but the pump plunger is S50 feet below surface. The water, 
which is used for all purposes, is more mineralized than that from the 
Chesterfield Apartments and Hotel Jefferson wells, oootaining more soda 
and potash ns well as sulphates and bicarbonates. 

,■1 tiaJysis of water from 572-foot well at Richmond Hotel. 
(Froehling and Robertson, analysts.) 

Parts per 1,000,000 

Total solids 702. 

Silica (SiO.) 28. 

Aluminum (Al) 1. 10 

Iron (Fe) 0.18 

Calcium Ca) 68. 

Magnesium (Mg) 30. 

Sodium (Na) 68. 

Potassium (K) 29. 

Lithium (Li) 0.01 

Strontium (Sr) 0.02 

Barium (Ba) 0.05 

Manganese (Mn) 0.03 

Iodine (I) trace 

Bromine (Br) trooe 

Bicarbonate ladide (EOOi) 182. 

SuIphaU radicle (SO.) 232. 

Phosphate radicle (POt) 0.26 

Chlorine (CI) 63. 
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WELLS IN THE NOHTHWESTEHN PART OF RICHMOND AND IN OOTLYINO 
DISTRICTS TO THE NORTHWEST 

A notable example of the uncertainty that attendB the search for water 
in crystalline rocks is presented by three wells 560 to 650 feet deep at the 
Home Brewing Co. brewery, elevation 182 feet. These wells lie in a north- 
east line; the first well (8 inches), sunk in 1894, yields about 60 gallons 
per minute, and the barrel of the deep-well pump is over 400 feet below 
surface though normal water level is about 125 feet below; the second of 
smaller diameter (6 inches), 50 feet northeast of the first, sunk in 1899, 
gave but 5 gallons a minute when completed and has been dynamited several 
times at different depths without any increase in yield; the third (8 inches), 
75 feet southwest of the first, is dry. The supply from the first two wells is 
used for condensing, brewing, and washing, but not in boilers as it scales 
badly. The company furnished an analysis of the water from the first well; 
this has been recomputed to express results in ionic form. 

Partial analysis of wafer from 550-foot ivell of Home Brewing Co. 
(Flrit Sci«ntiftc Station for the Art of Brewing, ftiial;st.) 

Parts pet 1,000,000 

ToUI Brfida 448 . 

Organic and volatile 20. 

Iron (Fe) large tmcee 

Calcium (Ca) 62. S 

Magnesium (Mg) 12.6 

Sulphate radicle (S(>.) 144. 

Chlorine (CD 24. S 

Nitrate radicle (NO,) none 

Nitrite radicle (NO,) iionr 

In the vicinity of the old State Kxposition grounds are severHJ wells of 
note. One, 8 inches in diameter, at the packing plant of W. S. Forbes, is 
said to be 400 feet deep and to yield, with the pump plunger 340 feet below 
surface, 300 gallons per minute, sufficient for all needs of the plant in 190G. 
The water is said to be remarkably good for boiler supply. A low mineral 
content is shown by the following anaiysi.^;, recomputed from that furnished 
by the chemist. 
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.inalifsig of water from deep well of W. S. Forbes. 
(Henry Froehling, analyst.) 

PnrtB per 1,000.000 

Total solids 02.0 

Orgnnie matter 6.0 

Silica (SiO,) 16.0 

Iron (Fe) 0.4 

ralcium (Ca) 4.0 

MaKnBsiiun (Mg) 0.2 

Sodium (Na) 22.0 

Potassium (K) not determined 

Carbonate radicle (CO.) 26.0 

Bicarbonate radicle (HCO,) not determined 

Sulphate radicle (SO,) 12.0 

Chlorine (01) S.3 

A well said to be 38o feet deep at the Kichroond Uaiou Stock Yard^, 
about 25U yards east-northeast of the above well, obtained but o gallons 
per minute and is said to have been affected by pumping at the Forbes plant. 

Another 8-inch well not far away, that of the Southern Stove Works, 
about 300 feet deep, is said to yield 200 gallons per minute -of an excellent 
boiler water that is used for all purposes about the works. In recomputed 
form, an analysis made by Henry Froehling for the company shows the 
following radicles: 

.Xnaiysvt of water from deep well of Southern Stove Wori-x. 
(Henry Froehling, analyst.) 

Parts per 1,000.000 

Total solids 319. 

Silica (SiO,) 26. 

Iron (Fe) 0.4 

Aluminum (Al) 0.3 

Calcium (Ca) 2.T 

Magnesium (MrI 0.7 

Sodium (Na) 70. 

Potassium (K) 3.0 

Lithium (Ij) (rnee 

Carbonate radicle (CO,) not determined 

Bicarbonate radicle (HC%) 183. 

Sulpbate radicle (SO,) 17, 

Arsenate radicle (AaO,) trace 

Nitrate radicle (NO,) 0.8 

Chlorine (CI) 8.fl 

Bromine (Br) trace 

Iodine (I) truce 
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Northwest of the city, in the Ticinity of Qinter Park, several deep wella 
have been sunk which vaiy in the amount of water obtained. One on the 
estate known as Westwood went 900 feet, passing through Columbia 
and Chesapeake deposits to 108 feet and through granite below. The 
yield was but 6 gallons per minute ; another on the same estate after going 
through 118 feet of sedimentary beds and 350 feet through granite obtained 
50 gallons. At the estate known as Westbrook a well 306 feet deep obtained 
50 gallons per minute of good water after going through sedimentary beds 
for 96 feet and granite for 210 feet; whereas another well, 322 feet deep, on 
the Bloomingdale Stock Farm, got 35 gallons per minute after passing 
through 123 feet of Coastal Plain deposits and 199 feet of granite. 

The best well in this section supplies Qinter Park. It is 8 inches in 
diameter and 357 feet deep. Granite was struck at 133 feet. In 1!)06 
about 60,000 gallons daily were pumped from the well for residences and 
for the Union Theological Seminary, The water was tried at a large laundry 
but proved unsatisfactory because of its hardness; it contains a considerable 
amount of sulphates. An analysis made for the owner, recomputed to 
express results in ionic form, follows: 

Analysis of water from deep well at Ginter Park. 
(Henry Froehling, analyst.) 

Part* per 1,000,000 

Total iolids 626 . 

Total scale-forming matter 210.5 

Organic and volatile matter G . 6 

Silica (SiO,J 2a. 

Oxidea of iron and alumina (Fe,0, + AlA) 1-2 

Calcium (Ca) 55.2 

Magnesium (Mg) 11.1 

Sodium (Na) 128. 

Potassium (K) 8.6 

Chlorine (CI) 37.0 

Carbonate radicle (CO,) 87. 

Sulphate radicle (SO.) 263. 

Nitrate radicle (NO,) 0.18 



WliLLS SOUTH OF RICHMOND. 

At the works of the American Ether Co. just south of the city, a 407- 
foot well on low ground near Almond Creek is said to have gone througli 
"earth" for 117 feet and "rock" for 293 feet. Potomac cobble beds and 
soft sandstones outcrop nearby in the creek bed, and the greater part of 
the "earth" is probably Potomac material. The well developed a large 
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supply, reported to have been SOO gallons per minute. This water at firat 
was good but after some time became remarkably saline, and so corrosive 
that it could not be used even for condeDsing. The following analysis, 
recomputed from one made by the former chemist of the company, shows 
the unique character of the water: 

Water from HO-foot well of American Ether Co. 
(Henry Froehling, analfat.) 



Total Mlids 

Sand and allica 

Oxides of Iron and alumina ( F,0^ + A1,0,) 

Calcium (Ca) 

Uagnulnm iiSg) 

Sofium (Na) 

Carbonate radicla (COt) 86. 

Sulphate radicle (SOJ 93 

Chlorine (CI) 778 



An 8-inch well at Curle'e Neck, 15 miles south of Richmond, went 
through Coastal Plain deposits to 311 feet, and into granite 414 feet; when 
completed it yielded only 9 galloaa per minute. It was dynamited with the 
result that steady pumping for three weeks at the rate of 100 gallons a 
minute lowered the water level only a little. A sanitary analysis made for 
the owner contained these determinations: 

Partial analysis of water from 710-faot well of 0. H. Senff at Curie's Ned: 
(J. A, Deghuee, analyst) 

Parts per 1,000,000 

ToUl aalids 234. 

Volatile Bolide 12. 

Hardness, equivalent to CaCX\, before boiling 0.0 

Hardness, equivalent to CaCOn after boiling 8.0 

Chlorine 3T.ff 



At Emporia on a river terrace 40 feet above sea level, just out- 
side the western edge of the Chesapeake deposits, is an 8-inch, 600-foot 
well sunk for town supply. The well entered granite at 6 feet and struck 
crevices at 62, 370 and 470 feet, the last being the most important. The 
water is reported to stand 10 feet below surface. The supply is said to be 
free; pumping at the rate of 100 gallons per minute lowered the water 20 
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feet. Only 28 feet of casing, it is stated, was put in Hie well. The quality of 
the water is reported to have been unBatisfactory and the town is supplied 
with river water. 

PROBABILITY OP FINDING WATER BY DEEP WELLS. 

The accompanying list undoubtedly omits some rock wells 200 feet deep 
or over that have been drilled in and near Richmond; but it probably in- 
cludes the majority, and the omigsions are chiefly unsuccessful wells. 
Drillers are liable to omit mention of dry holes when telling of the wells 
they have sunk, and some pursue the mistaken policy of claiming, if there 
is a chance of closing a contract at so much per foot with no guarantee as 
to yield, that they can get water anywhere. Owners do not advertise a 
failure and the present holder of a property may have no knowledge of a 
well drilled some years ago. Hence the total number of unguccessfnl wells 
is hard to ascertain. The list tabulated, however, is long enough to serve 
as a basis for estimates valuable to persons contemplating deep wells for 
considerable supplies of water at points along the western edge of the 
Coastal Plain where crystalline rocks occur having the general character 
of those near Richmond. The facts are as follows : 

(1). Of the deep wells in crystalline rocks 2 were dry or gave too 
little water to be of use; 7 gave, estimated or measured, 5 to 25 gallons; 16, 
26 to 100; 4, 101 to SOO; and 2 over 200 gallons per minute. Or, 5 gave 
5 gallons or less, making the proportion of commercially successful wells 
over 80 per cent. 

(2). Of the 22 more successful wells, 15 or nearly 70 per cent went 
less than 500 feet into "granite" and 1 went less than SOO feet. 

(3). Of the 17 wells yielding 50 gallons per minute or over, 6 were 
on high ground, 6 on low ground, and 5 on hillsides, showing that yields 
bear little relation to the situation of wells. 

AXALlfSEB OF WATEKB FROM WELL8 IN CRT9TALL1NE ROCKS VEAR RICHMOND. 

The following table gives all the available analyses of the wells men- 
tioned ; it includes partial analyses and determinations of chlorine, total and 
volatile solids, and hardness from sanitary analyses. That some of the 
waters may show, when the wells are pumped heavily, a very different com- 
position from that indicated by the table is altogether possible, as the heavy 
pumping of wells in crystalline rocks may modify the circulation of the 
water for a considerable distance. 
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A comparison of the analyses shows that the total solids range from 
66 to 1,600 parts per million ; the calcium from 1 to 70 parts ; the magne- 
sium from 0.2 to 28 parts; the sodium from 6 to 680 parts; the carbonatea 
and bicarfoonates from 4 to 180 parts; the snlpfaatee from 10 to 260 parte; 
and the chlorine from 4.6 to 780 parts. The differraicee are explained by 
difFerences in the underground ciroulation. 

Changes in qvalUy of the water. — Little can be foretold regarding the 
bacterial purity of the supplies from wells in granite underlying a densely 
populated area. Where the surface drainage is good, the soil cover on the 
rock thick, and the well casing tight, conditions which may obtain at all 
wells on high ground in Richmond, the danger of contamination is remote. 
But heavy pxmiping can produce such changes in the circulation of granite 
waters that the waters from wells which are seemingly not exposed to con- 
tamination may be easily polluted. After being in use a year, a deep well 
at Atlanta, Ga., was fouled by impure waters that may have entered the well 
at a depth of several hunderd feet. Hence it is advisable to analyze periodi- 
cally the water of a deep well that is heavily pumped. 

At Bicbmond the joint cracks of the granite may be filled either with 
river wat«r, with ground water slightly filtered, or with water that has 
soaked through many feet of stratified material of varying composition. 
These waters may mingle after a relatively short journey under ground, or 
after having passed through a long series of intersecting joints and having 
descended hundreds of feet. A particular well may draw on (me crovice or 
a series of connecting crevices, and hence the quality of the water from 
nearby wells may differ greatly. 

An erratic well water, like that of the American Ether Company, 
obviously must be local. Various explanations have been suggested for the 
saline character of somewhat similar waters found in granite. A reason- 
able explanation for the Richmond area is that sea-water accumulated in 
crevices at a time when the James was salt as far west as the rapids; an 
alternative is derivation from water that did not come from the surface but 
ascended from a great depth to the earth's cnist. 

DEEP WATEBS 07 THE NORTOLX-NEWPORT HEWS ABEA 

Oeneral statemtnt. — The possibility of obtaining artesian water by deep 

drilling near the mouth of the James first attracted attention 65 years ago 

wh^i Oovemment authorities were looking for aomething better than 

cistern or shallow well water for the supply of Fort Monroe. Since then 



yGoogIc 



98 VNDBBGBOCND WATEB BBS0UH0B8 OV COASTAL PLAIN FROyilTOB. 

wells have been drilled neBT Fort Monroe ; on Back BiveT, 7 miles north of 
the fort ; at Newport N'ewE, 7 miles west ; and in the Tidnity of ITorf oik, 
from 8 to 15 mUes south and southeaat. In all, fully 10 wells have been 
put down and not one has been considered a complete succeea. Some did not 
find flows, some found flows that were too salty for drinking or boiler 
supply, and some found little water. 

Because a great number of successful wells have been drilled elsewhere 
in Tidewater Virginia, and because drillers and others have claimed that it 
is possible to get artesian water in the vicinity of Norfolk and Newport 
News, the questions whether there is a possibility of finding such water and 
why the wells thus far driUed have been unsuccessful merit detailed answers. 
Besides, although Norfolk and Newport News had in 1906 good puhlic 
supplies the number of manufacturing establishments near the mouth of 
•Tames River that may desire to procure for industrial purposes cheaper 
water than that furnished by public service systems is large, and some may 
attempt to find it by deep drilling. As enough work has been done to 
permit definite answers to some questions that would arise in the mind of 
any one investigating artesian possibilities, whether well owner or driller, 
a review of the results of deep work in the Norfolk-Newport News area 
and what these results indicate may save misdirected efiort and wasted 
money. Id fact, the reason for the failures to get good artesian water 
about Norfolk was the most important problem that came up for investi- 
gation in the course of the field work for this report. 

Limits of area. — By the term Norfolk-Newport News area is meant 
Elizabeth City County and the south end of Warwick Conn^, which are 
north of James River and Hampton Roads, and the north part of Norfolk 
and Princess Anne counties which lie south and southeast of the mouth of 
the James. The area is thus defined not because its deep wells show features 
which are not presented by wells elsewhere, but because of its population 
(over 76,000) and becanse it is destined to be of increasing importance as a 
manufacturing district. As has been indicated in the general discussion 
of artesian conditions in the Virginia Coastal Plain and as the accounts of 
work in other counties show, no flows, scan^ flows, or highly mineralized 
water seem to be diaracteristic of the deep wells (more than 400 feet) in a 
considerable area, one that probably embraces most of Norfolk, all of 
Princess Anne County, the east end of Gloucester County, part of Mathews 
County, tiie east end of Middlesex County, most of Accomac and all of 
Northampton Counly. 
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DEKP WELLS NORTH OF JAMBS RITEB 

Fort Monroe. — The first deep boring in the Norfolk-Newport News area, 
the first in Tidewater Virginia and one of tte first in the entire Atlantic 
Coastal Plain — the first probably being the unsuccessful well at Charleston, 
S. C, sank in 1833 to a depth of 336 feet — ^was begun by the GoTemroent 
in 1864 to obtain a supply \jo supplant or supplement the cisteni water used 
at the poet. A previous attempt, in 1845, had reached a depth of 168 feet. 
In apite of the great advance in the art of weU-driUing between 1846 and 
1864, rigs and tools for rapid work in the soft unconsolidated beds of the 
Coastal Plain had not been devised at the latter date, nor were drillers 
generally aware of the troubles that await the man who, skilled in drilling 
rock wells, undertakes with such experience as a guide to sink through 
clays and quicksands. So it is not surprising that the well was abandoned 
in 1869 at a depth of 907 feet. The attempt proved of decided value to 
science, because the samples of the strata penetrated were examined by 
Bogers" in 1869 and later by Fontaine and Darton, and the records compiled 
from this study (which have been published by Darton') gave the first 
information on the total thickness far under cover of the Miocene and 
Eocene deposits in Virginia. Practically, the well was a failure; several 
sands containing water under so low a head that it would not rise to 
surface may have been penetrated, but the only water noted in the record 
was struck in gray sand at 699 feet. This water had head enough to rise 
above the level of the parade ground, 3 feet above tide, but was "very 
saline." 

In the report, dated 1876, by S. T. Abert" on the survey of a line to 
connect the waters of the Cape Fear and Neuse rivers and for a connection 
by water between Norfolk harbor and Cape Fear River appears this record of 
borings 313 feet deep at Fort Monroe. The object of the work is not stated 
and no mention is made of water. 

aRogera, W. B., Geology of tbs Virginiaa, 1SS6, p. T33. 

bDKrhn, N. E., Arteelu Water Pitwpecte in the Atlantic Caa«t«l Flun, 
U. B. Geol. Survay, Bull. 138, pp. 168-169. 

cU. S. War D^t., 44tli CoD^ees, lat Seesion, Senate Doc No. 3C, p. 16. 



,y Google 



100 UNDEHOEODND WATER REgOURCES OP COASTAL PLAIN PBOTIKOE. 



Record of borings at Fori Monroe, Va. 
(Authority, U. S. Engineer'a Offloe.) 



Materials 
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(FMt) 


Depth 
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A final and decisive attempt to find potable artesian water at Fort 
Monroe was made in 1902. This well, sunk within the fort, started at an 
elevation of about 3 feet, passed through all underlying formations of the 
Coastal PlaiUj atruek crystalline bed rock at 2,240 feet below mean high 
tide, and was sunk in this rock 8 feet, making its total depth 2,251 feet — 
the deepest well in the entire Atlantic Coastal Plain from New York to 
northern Florida. A hydraulic jet rig was used and progress was rapid in 
apite of the large diameter; 15-inch casing was placed at the start and 12- 
inch to 1,200 feet; below 1,200 feet the driller bad so little trouble that 
9-inch casing was nsed down to 2,128 feet; beyond that depth the well was 
not cased. Drilling began January 25, and on April 21 the well was down 
2,200 feet. 

Some samples of borings were saved during the progress of the work and 
the driller noted the general character of the beds. The type of the rig and 
possible errors in labelling the samples make the borings of slight deter- 
minative value, and the driller's notea are not detailed enough to he of value 
in discriminating formations. Hence an accurate record of this well is 
not available. 

According to Capt, C. P. Townsley, TJ. S. A., while boring was in 
progress nothing could be told about any water bed struck except by casing 
to it and bailing the well. This was done at 1,317 and 2,128 feet, and at 
both depths the water was very salty. Evidences of water appeared at ■ 
1,620, 1,630, 1,915, and 1,939 feet, but were not tested. The head of the 
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water at Z,12S feet was SO feet below enrface and the yield waa bo small 
that with an 8-inch boiler 21 feet long the water was easily lowered 1,000 
feet in the 9-inch casing in 10 honrs. The most promising borizonB between 
1,320 feet and 2,128 feet were at 1,640 feet and 1,916 feet. According to 
another oflScer, who happened to be at the fort in 1902 and speaks from 
memory, die largest flow found had head enongh to just run over the 
casing, elevation about 6% feet above mean tide. Efforts to develop flows 
of potable water at points above 2,128 feet by the use of dynanaite proved 
unavailing; in coneeqnence the 12-inch casing down to 600 feet and the 
9-iQch down to 1,200 feet were removed and no use whatever has been 
made of this well. 

No quantitative analyses of the water from any flow appear to have 
been made ; if any were, there is no record of them. 

Newport Newa. — In 1882, the Old Dominicoi Land Company which 
had imdertaken extensive real estate developments at Newport TfewB, began 
a search for artesian water there. Unfortunately drilling began on ground 
31 feet above sea level, so that the prospects for a flowing well, as subee- 
quent work has shown, were not bright. Work started March 9, with a 
standard cable rig. The driller met with many accidents, in repairing 
some of which he had more than average good luck. At a depth of 329 
feet, reached on March 31, it was foimd impossible to drive the 8-inch 
casing farther; a series of accidents followed the resumption of work 
with 6-inch casing, and after this casing had broken in several places, the 
well was abandoned on July 28, after it had been sunk 6821^ feet. 
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The following log is compiled from the record preserred by the company. 

Record of well of Old Dommion Land Co., Newport News, Virginia. 
(Authmritf, Old DomiDiou Land Co.) 



Material 

Sand "6 Idndi" 

Sand and jtiOow day 

Sand and hard tough blue clay 

Hard blue clay oontaining sand yiith shells; clay, dark b)ue but 
■oft, with few shells at 106 feet 

Blue clay 

Quicksand 

Oreenish sandy clay, or marl, with numerous large shells; hard 
bluish sand-TOck at 184<^ to 186 feet; water below rock 
rose high enough to be seen by looking down pipe 

Greenish or bluish clay, free from sand 

Hard stiff tough blue clay 

Bluish "soapstone" 

Lighter more sandy clay which "changes" at 414 and 420 feet 

Coarse sand; water rose to within 10 feet of the surface. 

Shells, stone and aand 

Sand, which rose nearly ISO feet'in pipe over ni^t 

Sand with streaks of cement rode 

Sand, clayey towards bottom 

Heary brownish clay, gravelly towards bottom 

Clay with stones 

Clay and sand 




Water vas struck at two horizons in the Chesapeake group, namely, 
below a rock stratum at 186 feet and in a bed of coarse sand at 422 feet ; 
neither horizon was given a good test ; the water in the 422-foot bed rose 
perhaps 21 feet above sea level. It is unfortunate that no note was taken 
of the quality or volume of this water; it might have yielded a good flow at 
a lower elevation. 

In 1907, H. E. Shimp began a well for the Old Dominion Brewing 
Co. at Newport News, but stopped work at a depth of about 500 feet. 
He did not keep a record of the section shown by the dxili, and the samples 
he saved were lost before they could be examined by a geologist. 

Back River. — A deep well was sunk in 1886 at the site of a contemplated 
fish factory on the tip of the sand spit, known as North End Point, on the 
south side of the entrance to Back River, about 7 miles north-northeast of 
Fort Monroe. This well reached a depth of 1,172 feet; there the drill 
struck a very hard stratum, which the driller thought was granite ; the drill 
rod broke and work was abandoned. The notable thing about this well is 
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that no water worthy of mention was found except in two beds of gravel, 
between 1,000 and 1,007 feet, in the PotiHnac group. Whether water in 
sufficient quantity might have t>eeu found hy properly testing some of the 
Bandy beds penetrated is uncertain. Darton has published the following 
record." 

Record of well at North End Point. 
(Anttaority, C. C. Enox) 

Wbit« sand and grayel j 76 I 75 

Blue clay 6 I RO 

White Band | 20 '• 100 

Thin la;en of land and blue clay 30 130 

Bhie or gray sand 28 155 

Quielnand 10 ' 165 

Hard white aand 

Loose white Band 

Block marl 

White sand and marl 

Bock 

Blue clay 

Hard Mod 

Blue clay with thin marl layers 

Hard blue day 

QniokBand 

Stone or bowlder 

White sand 

Yellow sand 

Clay and sand mixed 

Gravel and clay 

Hard and soft layers of blue clay 

Very hard day 

Soft blue clay 

Hard blue clay 

Coarse eond 

Sandstone 

Hard umdBtone 

Hard sand with few gravels 

Hard sandHtone 27 1000 

Sandstone with two vdus of gravel and some water 7 1007 

Alternate layers of sand and sandstone 3 to 4 feet thick 6 1015 

Alternate layers of sand and sandstone S to )6 f^t thick 66 lOSO 

Vary hard white aand 90 iioo 

Sandstone 156 1165 

Red sandstone 5 1160 

Hard sandstone 10 1170 

Hardest kind of atone or granite; here drill rods broke and 
work was abandoned 

a the Atlantic Coastal Plain, U. S. 
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Another &ttempt to get water on North Eod Point was made in 1896. 
B. H. Uilligan, the driller, used a holloT-rod, jot outfit and had little 
difficnlty in sinkiiig a 3-inch hole 1,035 feet. No irater that would flow 
at surface was found, but in conversation with the writer Mr. Uilligan 
has stated that he thinks, in the light of his experience with deep wells at 
other points near the shore of Chesapeake Ba;, that there are at the 
mouth of Back River deep-lying sands which will jield flows to a well 
sunk with regard to the local conditions. Though this is not impossible, 
the writer is inclined to regard the prospects for obtaining a good flow of 
potable water from depths below 500 feet at North End Point as distinctly 
unfavorable. 

Sotel Chamberlain. — After the unsuccessful attempt in 1864-69 no 
further efforts to get artesian water in the vicinity of Fort Monroe appear 
to have been made until 1896, when a well was sunk at the Hotel Chamber- 
lain. The welt started at an elevation of 4 feet above high water, on 
made ground near the sea wall in the rear of the hotel, and reached a 
depth of 945 feet. 

The following record of the well compiled from a study of the borings 
and notes furnished by the contractor and his foreman has been published.' 
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Record of artesian well at Chamberlain Hotel, Old Point Comfort. 



Material 

Surfaoa sand 

Sand with mlimt« fnigmeDts of ibells 

Dark gray sand, spines of sea urchins plentiful 

Sand, lighter in color 

Sandy eiaj with Miocene ahellB 

Qreeniah sandy olaj 

Sandy olay with Miocene shells 

Greenish sandy clay, a few shells 

Oreenish sandy clay, with shells In great number 

Fine dark gray sand, sea urchins spines abundant 

Dark brownish sandy clay, with shells 

Dark greenish clay (marine shells, Miocene age, at 190, 200, 

270 feet) 

Dark greenish clay, more sandy, but without shells 

Dark greenish clay, not so sandy, still without shells 

Dark blnlsh-green diatomaceous clay 

Dark clay, not diatomaceous 

Dark brownish sandy clay 

Greenish clayey sand, with a large admixture of greensand 

grains and some foraminifera 

Greenish sandy clay with green sand and foraminifera. . . 

Brownish sandy clay 

Gray sand, mixture of greensand grains and pui-e quart! 

Brownish clayey sand, also contain* a mixtnro of greensand 
and quartE grains 

Calcareous rock crust and pebble conglomerate with some wood 
and shells 

Dark sandy micaceous clay 

Fine gray sand 

Coarse grayel, water-bearing 



l%e well gives a rather gmall flow, inaenincli as the inner casing ie 4 
inches in diameter, of the Baltest and meet mineralized water yielded by 
any flowing well in the Norfolk-ITewport News area. Though the log makes 
no mention of water above 946 feet, it is likely that sereral sandy beds were 
{lenetrated which contained water under insufficient head to flow at sur- 
face. The driller gave the estimated yield as 50 gallons per minute" and the 
head as over 17 feet above surface or about 22 feet above sea level. In 
1906, according to the engineer of the hotel power plant, the flow, at 
surface, was "a %-inch pipe full" and the head was 14 feet above tide. 
The flow at K feet elevation is certainly not over 25 gallons per minute. 
The water has so much mineral matter in solation that it is not nsed 
except for flushing; it is too salty for drinking or for boiler use and is so 

•Darton, N. H.. U. 8. Geol. Survey, P^ilio No. 80, 1902. 
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iron-bearing that, though perfectly clear when fresh from the well, it soon 
becomes turbid and depodts much ferric hydrate. Hence it is nneuitabk 
for bathing or for laundry use. 

The following analysis made in March, 1906, shows that though highly 
mineralized, the flow resembleB the excellent water from artesian wells to 
the west in containing much soda and comparatively little lime or mag- 
nesia, in proportion to the total Bolids. Much of the increased mineraliza- 
tion is probably in the form of common salt, sulphates of soda, potash, 
lime, and magnesia, and iron compounds. 

AtMlysu of water from 945-foot veil at Hotel Chamberlain, Fort Monroe. 
(W. B. Taylot, inalyat.) 

Puts per 1,000,000 

Total BolidB 924S 

SilicB (SiO,) 14 

Alnminum { Al) 23 . 

Iron (Fe) 16 

Calciuin (Ca) 97 

Hagneainm ( Mg) i4 

Sodium (Na) 326B 

Potasaium (K) 87 

Lithium (Li) trace 

BicarboiiBte radicle (HOO,) 433 

Sulphate radicle ( 80,) 205 

CUorine (O) 4078 

The following sanitary analysis, also made in March 1906, shows sonic 
udditional characteristics of this water : 

Sanitary analysis of water from 945-foot toell at Hotel Cliamberlain. 
(Penniman and Brown, analysta.) 

Parts per 1,000,000 

Total Bolids at 200° F. 0146- 

Volatile solids 188 . 

Chlorine 4940 . 

Nitrogen as free ammonia 1 . 60 

NitTOgen a« albumenoid ammonia . ID 

Nitrates trace 

Nitrites none 

DEEP WELLS BOUTH OF JAMllS RIVICII 

General statement— Id that part of the ?Jorfolk-Newport News nrea 
south of James River and Hampton Roads, at least six wells over !iO0 feet 
deep have been sunk, but detailed records of only two are available. 
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Howfiver, the reenltB of the borii^ are sufBcient to detennine the pros- 
pects for getting potable artesian water from deeply buried beds. As will 
be seen, though no waters are known to have been found as highly miner- 
alized as the fiowB tapped by the borings near Fort Monroe, particularly 
the Hotel Chamberlain veil, the flows all contain large amounts of solids 
in BolatioD, are not what would ordinarily be called good potable water, 
and are not suited for boiler supply. 

Virginia Beach. — One of the earlier boringB for deep water in the 
Bouthem part of the area under discuBsion was made in the winter of 
1688-1889 at the Princess Anne Hotel at Virginia Beach. The eleration 
of the surface was possibly 7 feet. According to F. 0. Cleboume, who 
was at the time in the employ of the company that had the woric done, 
the well waa sunk 600 feet and found no water below 73 feet. Xo record 
of the beds penetrated wae kept, nor is any information ayailable to show 
whether possible water-bearing beds were properly tested, but it is probable 
that no bed which would have yielded a flow was penetrated. 

Masons Crsek. — George S. Bunting states that in 1890, using a band 
rig, he drilled a l^inch well 578 feet deep near Masons Creek, a short 
distance west of the present post-<rfBGe of Bixttm. Mr. Bunting kept so 
record but remembers that he cased the well to 260 feet and drilled from 
there to the bottom without casing. At some point below 260 feet, he 
struck a weak stream which did not give a £ow though the elevation of 
the surface is not over 10 feet. A bed of shells was struck at 200 feet and 
shell beds or hard layers weA struck at 160, S52, and 500 feet, but fnmi 
260 to 675 feet nearly all Uie material wae fine, blnish sand. 

Money Point. — South of Norfolk, on Elizabeth Biver, at Money Point, 
two deep wells were bored, but no record of either seans to have been 
preserved. One well has been long abandoned j the other, 5fl2 feet deep, 
is said to flow 30 gallons per minute of brackish irony water at an eleva- 
tion of 5 feet above tide. The flow is not suited for boiler use but is 
reported to be drunk as a mineral water by scnne people in the vicinity 
of the well. 

Lamlert Point. — In 1891 a well was completed near the pier at the 
Norfolk and Western Bailroad terminal on Lambert Point, north of 
Norfolk. The well, which is close to the shore and was drilled for boiler 
supply, reached a reported depth of 616 feet. It struck a strong flow, 65 
gallons per minute, at 610 feet in a coarse micaceous sand; and a weak 
flow, about 1 gallon per minute, at 603 feet in another sand bed. The 
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driller kept a record and saved samples. Becords compiled from an 
examinatioQ of the samples have been published bj Daiton** and b; Wool- 
man.^ The following log is given in slightlj different form. 

Log of well on Lambert Point. 



Material 

Slightly yellowish aand, ahell fragfineiit* 

Bluish clay, shall fragmenta 

Gray, fine micaceous sand, shell fragment* 

Qreanish gray, sandy clay 

Gray micaceous sands 

Greenish gray fine sand and oUy; toogli when diy [fossil 

shells) 

Oray or bluish clay 

Gray or bluish fine sand, shell fragments 

Oray or bluish clay 

Gray, flne sand, shell fragmoats 

Dark gray or bluish clay 

Gray moderately coarse sand, some glaveonite 

Small gravel, shell fragments 

Gray or bluish clay 

Rock, shell fragments 

Dark hard fine micaceous sandy clay, well laminated 

Rocky strata with thin layers of clay and shell fragments 

Small gravel in gray sand, shell fragments, water 

Hook, Miell fragments 

Oray, fine to moderately coarse micaceous sand, oyster shells 



In the Norfolk folio of the U. S. Geological Snrvey Darton gives a 
list of shells and diatoms found in the bortngs. These show the water- 
bearing sand to be of Upper Cretaceons (Matawan) age. 

The flow from the 610-foot sand wae, when tested in 1898, 66 gsllone per 
minute through the 6-inch casing at an elevation of 7 feet above surface, 
ot 15 feet above mean high tide; the head was about 30 feet above sea 
level. Tests in 1906 showed that the well was yielding 51 gallom per 
minute. The temperature of the flow is 72° F. 

The water is dmnk b; some employees at the terminal and by many 
people in the vicinity, but while it undoubtedly has medicinal value it is 
rather too mineralized for steady drinking. The prime reason for classing 
the well as unsuccessful, however, is that the railroad company has made 
little use of it except for washing cars and cleaning up around the piers. 
In a boiler the water foams badly and rapidly corrodes stay bolts. It 
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probably contains conaideTable common salt and bicarbonate of soda 
(though no bicarboDatee are reported) and some siilphate of soda. It 
ccmtains very little lime. The following analysis was made in 1891 : 

Analf/ais of ivaier from 016-foot loell of Norfolk and Western Railroad, 

Lambert Point. 

[C. W. Shepard, analyst) 

FartB per 1,000,000 

Total volid* 1093. 

Silica (SiO.) 10. 

OxidH of iron and alniniiia iFefit + AljO,) 0.91 

Caiduni (Ca) 6.0 

Hagnealnm (tig) 1.7 

SMiium (Na) 418. 

PotaBBimn (K) 21. 

Snlpfaatfl radicle (SO.) 43. 

Carbonate radicle (CO.) 2*6. 

(aiorine (CI) 361. 

Whether better water could have been had by deeper drilling is doubl- 
ful. It is barely possible that water a little less mineralized might have 
been found above 1,000 feet; below that depth, judging from the results 
of other borings, it is likely that the water obtained would have been more 
saline. 

Moore's Bridges. — A well was sunk at Moore's Bridges, 6 miles north- 
east of Norfolk near Diamond Springs post-ofQce, by the Norfolk City 
Water Department in 1890, to a depth of 730 feet; it found salty water. 
The next aod the most important well in the southern part of the Norfolk- 
Newport News area was sunk in 1896-98 at Moore's Bridges, to test all 
the water-bearing sands found down to bed rock. A standard cable rig 
was used. Partly on account of the rig, work progressed slowly, and 
operations were finally abandoned at 1,760 feet below surface, elevation 
about 8 feet above sea level. 

The following log has been slightly changed from the form in which 
it was published by Woolman". Beferences to the microscopic organisms 
noted by Woolman are omitted. 

BWoolman, Lewis, Ann. Hepi N. J. Oeol. Survey, ISSS, pp. 02-102. 
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Record of Norfolk City WeU near Waterway. 



Material 


Thickness 
(Fm) 


Depth 


Light buff sandy loam 


3 
IS 

3 
44 
20 

20 

20 

40 
65 

10 
25 
20 
6 

<6 
70 
136 
46 
10 
30 
20 

20 

23 
2 
6 

10 

20 

18 
2 

80 
20 
36 
20 

S 

03 
















Gra; clayey sand and gravd; scallop shell (Miocene), at 105 


85 


white quart! pebblM at 110 to 116 feet. Bangia cmteata 






1«S 






Gray clay, with much sand; full ot shells about 6 Inchea 
















Gray sandy clay, very sandy clay had to be eased off, 310- 








SUgbtly lighter, fine clay, called "brown mud" by driller 

Green sand marl (glauconite) mixed with white quartz sand. . 


580 
626 
636 








706 


















Very sandy greenish clay, micaceous sand, fossil shell Upper 

Cretaceous at TS6 faet to 766 feet; water at 740 to 760 feet 

Gray micaceous sand with a little glauconite; flow of water 


766 






Gray quartzose sand, some mica, no glauconite; slightly 
salty water, flow 36 gallona per minute at snrfaee, 786 to 






836 














Clayey sands or alterations of gray sands and clays, sands 

9SG-03& feet; slightly salt water; flow 76 gallons per minute 
at 060 feet; 10 gallona per minute at 076 to 930 feet; IS 
gallone per minute at 986 feet 


001 



•All sands between 760 and 783 feet are said to have flowed into the well. 
This indicates the sands were loose, but not, as Woolman suggests, gtrongly water- 
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Record of Norfolk City Well near Waterway — {Continued). 



Material 



Slightly yollowiih (greenish when, fresh) ssndy clay 

Gray Bands, aorae micaceous, pebbles at 1,060-1,070 feet;flow8 
of salt water, 25 galloiiB at 1,03R feet; ISO gallons at 1,OTO 
feet 

Gray sands, clayey and micaeous above 1,100 feet 

Darker gray fine to coaTse sands, heavy pebbles at 1.130 feet; 
coarse gray sand lignite at I.ISO feet; heavy pebbles and 
water at 1,190 feet, yield of water by bailing 3C0,00O gallons 
per 24 hours; said to have been freah st first, afterwards 
salty 

Reddish and reddish yellow or buS clays and clayey sands, 
heavy pebbles at 1,210 feet 

Dark fine clsy and micaceous sand ( T] called "black marl" by 
driller but not a greensand (glanconita) marl; lignite at 
1,250 feet 

subtly yellowish-olive somewhat micaceous sand; "some 
water" 

"White marl" (no sample) 

Reddish yellow and gray clays and sandy claya called "red 
marl," but not glauoonite; foasll shell (Upper Oetaceons) 
reported from 1^20 feet 

Alternations of sands (micaoeous 1,320-1,340 feet; not micaceous 
below) and clayey sands varying from white or light gray 
to yellowish in color; heavy pebbles at 1,470-1,480 feet and 
1,640-1,570 feat. Clay beds (no samples), 1,366-1,368 feet; 
1,400 to 1,410 feet; 1,667-1,560 feet; 1,568-1,671 feet; lignite 
at 1,500 feet; salt water, good Aow at 1,480 feet; flows at 
1,510-1,617 and at 1,635 feet 

Dark slightly variegated clay 

Reddish or slightly reddish Coarse sands and elayey sands; 
beds of clay (no samples) probably not glanconitic but 
bluish when wet, at 1,640-1,047 feet; 1,660-1,664 feet; 1,«77- 
1,680 feet 

Dark coarse very sandy olay, slightly variegated with red, 
similar to that from 1,680-1,600 faet, but more sandv ; 
probably dark .elay beds at 1,683-1,666 feet and 1,698- 
1,695 feet 

Reddish variegated clay 

Loose sand which ran up 160 feet in easing; evidently water- 
bearing (no sample) 



1.190 
1.230 



Darton' states that water beds were found at 783, 805, 950, 9T5, 984, 
1,038, 1,072, 1,190, 1,220, 1,227, and 1,480 feet, and at the bottom, which 
yielded from 10 to 150 gallons per minute under the pump. One or two 
of the beds may have given more but no flow of fresh water waa struck. 
The water from the 1,190-foot bed did not quite overflow; at 1,220, 1,227, 
and several points helow small volumes of salt water were found, and at 



oDarton, N. H., Geologic Atlas of United Statw, Norfolk Folio, No. 80, p. 4. 
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1,480 feet a large voiume of very salt water. Trelve-mcb casiog wab used 
to 778 feet, lO-iach to 1,208 feet, S-ineh to 1,639 feet, 6-inch to 1,730 feet, 
and 414-meh to 1,760 feet. 

The well was dynamited at 1,073 feet and poBBibly at other points, and 
nothing definite is known of the eonrce of the present flow. It is supposed 
to come from ahout 680 feet but the temperature indicates a greater 
depth. The yield amonnts to 76 gallons per minute throuf^ a 4^-inch 
pipe, the well month being 11 feet above tide. The flow, said to bare a 
head of 20 feet, has a temperature of 76° and a decided sulphur odor, 
is saline and contains sodium bicarbonate as shown by the following field 
assay made by &e writer in N'ovemher, 1906. 

Field assay of water from deep well at Norfolk OOj/ pumpiRg station. 

Part* per 1,000.000 

Iron ( Fe) trace 

Galciain (Cd) litUe 

ChloriiM (CI) 1,000. 

Bioarboiute ndicia (HCO,) 620. 

8nlphat«, bb 80* 110. 

Total bardnew, u CcGC^ 7.6 

A sample collected in November, 1904, and analyzed by Dr. Sheperd, 
city bacteriol(^t of Norfolk, contained 920 parts of chlorine per 1,000,000. 

Had the well been sunk deeper, eren to bed rock, the probabilities are 
that all water found would have been more saline than that struck at 
1,078 feet. In fact salinity apparently increased with depth. The sodium 
chloride content for three flows, from partial analyses made while drilling 
was in progress, as given by Darton in the Norfolk folio of the Geologic 
Atlas of the United States, compare thas: 

Sodium chloride and total solids in deep waters from Norfolk City well. 

(Henry Pro«Iiliug, uulyBt) 

FartM per 1,000,000 



Total mineral matter ' Sodinm chloride 



8,678 
3,346 
8,062 



In 1906 the flow ran into the clear water basin at the pumping station. 
There is of course not the slightest possibility of the well water being 
polluted. 
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C0UFARI8ON OF RECORDS. 

The scanty observations recorded by some drillers and the varying terms 
nsed in describing what vere probably similar deposits makes correlation 
of the well records difficult. Samples saved from the wells at Fort Monroe, 
Moore's Bridges and Lambert Point were examined by Woolman and by 
Barton and the records prepared by them were baaed largely on the samples. 
The best series were from the Hotel Chamberlain and Norfolk City wells. 
In all except the Norfolk City well water-bearing beds may have been 
passed which were not noted by the driller. 

A comparison of the records shows that the Chesapeake group in the 
Norfolk-Newport News area, considering its thickness, is very poor in 
water-bearing beds. There is one midway in it at the last well at Fort 
Monroe, one at the base in the old well, and one near the base at the 
Jtoney Point well. The Pamunkey is thin and unimportant. Water was 
found near the top in the last Fort Monroe well and probably at Newport ' 
News. Upper Cretaceous beds proved prolific water carriers at the Hotel 
Chamberlain, Fort Monroe (1902), Lambert Point, and the Norfolk City 
wells. The Potomac group at Fort Monroe was fully 900 feet thick, and 
contained many water beds. 

The least mineralized water found below 200 feet by any well is the 
Lambert Point flow, which according to the 1891 analysis contained 1,091 
parts per million of total solids of which 518 parts per million, according 
to a hypothetical combination given by the analyst, were sodium chloride. 
In comparison, the 738-foot flow of the Norfolk City well, which is presum- 
ably from the same group of beds though not necessarily from the same 
horizon, contained 1,923 parte per million of sodium chloride. Here is a 
decided increase of salinity in a distance of 10 miles eastward, a fact in 
harmony with the general increase of mineralization of deep waters toward 
the ocean, elsewhere noted. The Lambert Point well is the farthest west 
of the wells in the Norfolk-Newport News area south of James River, its 
water is least mineralized and comes from the Upper Cretaceous at a depth 
of only 616 feet. These details are important. 

The results obtained from the work here noticed indicate that it is 
altogether probable that wafers found between fiOO and 700 feet at New- 
port News will be less saline than those from beds of corresponding age 
at Fort Monroe and in character will approach the Lambert Point flow. 
North of James Kiver the best chances for finding flows of potable artesian 
water near Newport News are at elevations less than 20 feet and at points 
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west of a north aod south lioe ninDing through that city; eastward, 
probabilities rapidlj become unfavorable and in the eastern part of Elizabeth 
City County deep drilling will probably prove a waste of time and money. 
South of James River fbe best prospects are west of a north-north- 
west line through Lambert Point with diminishing chances of success 
eastward. In Princess Anne County efEorts to get good water by deop 
boring will, in nil probability, l>e of no avail, and within the city Hniits 
of N^orfolk there are small chances of getting water better than the Jiambert 
Point flow at depths below 500 feet. 

CAUSES OF MIXERALIZATIOK. 

The Norfolk- New port News area, as previously stated, is not ex- 
ceptional in the character of its deep waters. In fact it forms part 
of a much larger area which may include the whole Eastern Shore 
of Virginia and certainly extends south and east into northeastern North 
Carolina. The possible causes of the high mineralization, galtness, 
and other characteristics of the deep waters of this large area will not be 
discussed here. It is enough to say that the saltnesB is not due to sea 
waters included in the beds when first deposited, since the ilows do not 
resemble sea water in composition, and there are salt flows from Potomac 
formations, which are not marine. The increased mineralization probably 
results from several causes. One is diificult circulation due to the 
decreased permeabilily of the water beds down the dip; for horizons which 
yield bountiful flows farther west are not water-bearing in this area and 
at some localities, aa at Back River, water-bearing beds seem to be lacking 
through 1,000 feet of strata. At the same time, since coarse sands yielding 
free flows, under good heads, of water too saline for boiler use have been 
encountered, the texture of the beds can not he the sole factor. Besides 
increased fineness of sediments, or pinching out of water beds locally or to 
seaward (causing slow circulation and ponded water), the more effective 
factors have been long confinement under pressure and, particularly, the 
invasion of salt water from up the dip in times when the coast was 
depressed below its present level. Corresponding beds to the west have 
been more flushed by downward percolating rain water since the last 
elevation, hence now contain relatively fresh water. 

FRE8HKN1NO OF DEEP WATKR. 

That wells which yield saline water may, by heavy pumping or unre- 
stricted flow, come to yield fresh water is a possibility that has attracted 
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the attention of geologists. Instances of freshening have been reported 
but whether or not the improvement was due to the replacement of the 
contained salt water in the water bed by fresh water from up the dip can 
not always be determined from the evidence available. Fuller" noted some 
instances of a change from salt to fresh water in wells near the mouth of 
Cape Fear River, N. C, and concluded that the freshening represents such 
a replacement. 

In objection to this view it may be said that a well might penetrate a 
bed containing salt water and one containing freah. In such a well the 
yield of the water beds, the heads of the water they contain, the tightness 
of the well casing, and the possible clogging of the well at one horizon 
by sand, are factors that would determine the quality of the water obtained. 

Permanent freshening with no marked decrease in flow has not been 
observed, so far as known at any well in the Norfolk area, but it is possible 
that there has been a very slight decrease in the mineralization of the 
water from the Lambert Point well, though analyses extending over a 
period of IS years, during which time the well has flowed without restraint, 
show little betterment. A marked decrease in mineralization and in 
volume of flow was noted in June, 1909, but after the flow was restored 
by cleaning out the well its quality was substantially the same as before. 
The important determinations, total solids and chlorine, are given below: 

Variaiions in mineralization of loater from Lambert Point well. 
(Parts per 1,000,000.) 



Date 


Total solids! 


Chlorine 




1,001 

1,421 : 

80 1 
1,128 





















The freshening of the water in June, 1909, was evidently due to the 
main flow being cut off or greatly reduced by eand; the quality of the 
water as shown by the analysis dated June 17, given in table 10, is 
not at all like that of any deep well in the Norfolk- Newport News 
area, but resembles that from wells less than 200 feet deep. There was 
evidently no detectable change in chlorine content between 1906 and 1909 ; 
the indicated change between 1891 and 1906 rests on a single analysis, 
and is not large enough to be entitled to much consideration. Making 
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allowances for differences in analytical methods and in statements of 
results by different chemistB, the variation in chlorine content between 
1891 and 1909 is so small that one may fairly assume that it would not 
pay to drill a well to a known salt-water horizon in the Norfolk-Newport 
News area in the hope that by iinreEtricted flow the water would become 
freah enough for boiler use. 

SOMUAKY. 

(1). In the Norfolk-Newport News area the prospects for obtaining 
good boiler water by deep drilling are poor. 

(8). The chances of obtaining such water imptOTe west of Newport 
News and Elizabeth Biver. 

(3). Mineralization increases toward the east and with depth. 

(4). Better water is found above 1,000 feet than below. 

(fi). The high mineralization of the deep waters has been caused by 
factors affecting a large extent of country. 

(6). A flow of salty water may become fresher by allowing the water 
to run without hindrance, but in this area the decrease in salinity is too 
gradual to be worth consideration in determining the sinking of a deep 
well as a business venture. 
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UNDERGROUND WATER SUPPLIES BY COUNTIES 

ACCOMAC COTJKTY 

Oeneral description. — Accomac is the larger of the two countiea covering 
the Yirgmia portion of what haB long been known as the Eastern Shore, 
the peninsula between Chesapeake Bay and Atlantic Ocean. The coonty 
is about 46 miles long by 15 wide and has an area of 478 square miles. 
Although in 1900 but two counties in the state had a larger population per 
square mile, there was not within the county in that year a settlement with 
a population of over 1,000 people. The two incorporated towns, Onancock 
and Sellehaven, had populations of 938 and 331. 

The surface has alight relief and is monotonoasly level. Except in 
some small areas, elevations are below 35 feet, hence the surface is mostly 
part of the Talbot terrace." 

There are few fresh water streams of any size or even stream viQleys. 
Along the ocean side and on many stretches of the bay side are wide expanses 
of salt marsh or land fiooded at high spring tides. The ocean side is 
characterized by many off-shore aandy islands of the barrier beach type, 
of which Chincoteague is the most important. Back of these islands are 
shallow bays where mUes of mud or sand flats lie bare at low tide. 

The surface soil, a light waim sandy loam, is in many places under- 
lain by from S to 6 feet of buff or light-brown sandy clay and this in 
turn by a varying thickness of coarse white, gray, yellowish or occasionally 
brownish sand that contains scattered lenses of gravel and thin beds of 
light-colored clay with darker beds below. 

UNDEBQBOITND WATBEB 
Distribution and qvality.— The Eastern Shore term for a water-bear- 
ing horizon is a spring, and drillers speak of the first, second, third, and 
fourth "springs" found at such and such depths; the "first spring" being 
at the water table. The fluctuations of the water table from rainfall are 
spoken of as the rise and fall of the "springs" and on Chincoteague Island 
one is told that "the water springs" (stands higher) in shallow wells after 
wet weather. The "first spring" is in the yellow Columbia sands. As a 
rule, the second, third and fourth "springs" are in the beds that underlie 
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the yellowish or reddish beds of the Oolumbia, though in places the second 
"spring" is the sand and gravel at the base of the light or bright-colored 
beds, separated from the first "spring" by clays or loams yielding little 
or no water to a driven well. 

The first "spring," the water not being confined, affords no flowing 
wells, though shallow dug wells in hollows may be full to overflowing after 
prolonged rains. The "springs" below, the water being confined under 
relatively impervious beds of clay yield in many places flowing wells at low 
elevations. 

The quality of the underground water varies. Nearness to inlets 
from the sea or bay is an important factor in the quality of supplies. In 
general, the water from dug wells or from pumps driven to the first "spring" 
does not contain as much lime or magnesia as that from the second or 
third spring; it is also less alkaline. On the other hand, it is rather more 
likely to be iron-bearing. Probably the best water for general use comes 
from 60 feet or more below surface. Along the coast and on the islanda 
many shallow wells yield brackish water and many are salted by unusually 
high tides. Wells 25 to 200 feet on small islands are more apt to yield 
brackish water than those on the mainland. 

Springs. — There are no true springs of commercial importance. In 
places water seeps from the creek banks at points where the water table 
curves down to the creek; such springs often disappear in dry weather. 
There are, however, springs of perennial flow and a few are used for house- 
hold supply. What is said to be the largest spring in the county flows 
from the foot of a bluff on the shore of Ohincoteague Bay, 2 miles north 
of SinnicksoD. Another spring at Drummoods Mill, near (rrape post-oflSce, 
was once of local repute because its iron-bearing waters were believed to 
have medicinal value. 

Weils. — The commonest type of well is a shallow hole dug to the "first 
spring." The deepest dug wells are near Assawoman, where some go 40 
feet to water, but the depth of the average dug well in the county is about 
10 feet. Buckets with chain or rope, or windlass or pulley, lift the water 
from the well. Here and there are wells with the old-time sweep and 
bucket. The perishable nature of wood casing and the many sanitary 
objections to it have led to the introduction of tile, 20 to 24 inches in 
diameter. The labor cost of digging a well varies according to the depth 
to water, but seldom exceeds $5. 

Driven wells or "pumps" as they are called, are easily sunk, much 
used, and give satisfaction. Wells to the "first spring" are often put 
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down by the owner, a piece of l^-inch or 2-inch pipe with a pointed cap 
being driven by a maul ; if the clay subsoil is tough, a hole may be bored 
through it with an earth auger. Many wells over 20 feet deep are sunk by 
the jet process, as are nearly all wella over 60 feet deep. Mtwt drillers use 
hand-power rigs, though the driller who has done the moet work in the county 
has a small gasoline engine. Probably no county in Tidewater Virginia 
has more driven or drilled wells 50 to 100 feet deep. Their usual diameter 
is 1^ to 3 inches. For such wells hand-power pmnps, either iron pitcher 
pumps, wood pumps, or force pumps, are generally employed, though many 
residences have wind mills. One driller in 1906 gave the following as his 
usual charges for putting down driven wells, or, as it is called, "cutting 
pumps." 

'"•'«■"•" ^"p^'. ::::::::::;:::::;::::::::::::::: & 
=«-"»'-' ESS :;:;:::;::::::::::::::;::::::::::: g 
sMot ».ii '°°^ ;""' g; 

lorce pump «32 

lOO.foot well, no pump, about 976 

This driller has sunk a 103-foot well and finished it with a pitcher 
pump for $50. It is usually understood that the owner will furnish free 
such extra labor as a driller may need. 

LOCAL SOPPLIES 
New Church. — At this village near the northern line of the county, dug 
or driven wells to the "first spring" average 19 to 15 feet deep. The 
water is generally hard. Id ^nne wells it is so iron-bearing that it 
is not fit for laundry use, while in others it contains little iron. The 
"second spring" from 30 to 35 feet, is also decidedly iron-bearing in 
most wells. The "third spring" has been developed by two wells, both of 
which yield excellent water. One of theae, owned by J. E. Johnson, is 185 
fe^ deep and draws on water in a bed of shells in dark bluish sand; 
this water rises to* within 4 feet of surface. An ordinary pitcher pump 
easily supplies 8 gallons per minute. The record of the beds penetrated 
is as follows: 
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Record of well of J. E. Johnson, ntar post-office at New Church. 
(Authority, I. B. CUrk, driller.) 



Material 


Thickness 

fPeet) 


Depth 

(Feet) 




1 
7 

« 
30 

3 
73 

B 








Yellow sand, Bmall pebble* and gnvd with plenty of water 
















Dark, bluish aand with einaU shells, excellent water, "third 
"Pn-'g" 


126 



The owner has at hU saw-mill nearby a well to the "second spring" 
■which yields a fair boiler water, and a well to the "first spring" at his store. 
BesultE of field tests of samples from a 12-foot driven pump and the 135- 
foot well at J. E. Johnson's store, and the 34-foot well at the milt, made by 
H. N. Parker, are given in table 7, to show how great are local variations 
in quality. 

The tanit of the New York, Philadelphia & Norfolk Railroad is sup- 
plied by a pump drawing from eight 2-inch points driven 30 feet, or to 
the "second spring." These yield fairly good boiler water. 

Franklin City and Oreenbackville. — These villages are on or near a 
strip of salt marsh bordering Cbincoteague Bay. At Franklin City there 
are no dug wells as the town site is inundated at high tides. Pumps to 
the "first spring" yield brackish water. Fairly good water, which rises to 
mean high tide level, is obtained by driving 30 to 70 feet. 

At Greenbackville, where fresh water is found at 6 feet and even less, 
pumps are driven 10 to 45 feet and obtain water of varying quality. 
That from some wells is high in iron, lime, and chlorine; that from others 
is less mineralized. The water tank of the New York, Philadelphia & 
Norfolk Railroad is supplied by three driven wells 25 feet in depth, which 
are said to yield a suiEcient supply of satisfactory boiler water. At a can- 
ning factory nearby, water is obtained by wells driven 15 feet. One well 
was driven 80 feet but obtained no water below 50 feet. In the thickly 
settled portion of the village the "first spring" at 5 to 15 feet, supplies 
most pumps, but is regarded by local physicians with suspicion on account 
of possible pollution from stables and privies ; much of the water obtained 
at 10 to 12 feet is iron-bearing and brackish. According to T. F. Mumford, 
who has driven many wells, excellent water is obtained from some wells 
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not over 40 feet deep, while others yield water oontaining considerable 
quaBtities of mineral salts, chiefly composed of lime, iron, and sodium. 
Dr. H. C. Mallory gave the writer samples of residue obtained by 
evaporating w&t«r from three wells at Greenbackville : Those of Elihn 
Tall, 18 feet; Jamee Chapman, 28 feet; and J. T. Sharpley, 45 feet. 
These were qualitatively analyzed by R. B. Dole, assistant engineer of the 
Water Beeources Branch of the U. S. Geological Survey, with the follow- 
ing results: 



Analyses of 


residue from well waters at OreenbackvlUe, Va. 




E. TuU 


J. Chapman 


J. T. Sharpley 






moderate 

low 

moderate 






b&h 






® 






h^ 














SnlphtttM 


moderate 


low 


low 



Field testa of samples from the wells of Elihu Tull (18 feet) and J. T. 
Sharpley (46 feet) at OreenbackriUe, and James Chapman at Franklin 
City, showed notable variations in mineralization. (See table 7.) 

Drillers charge about $25 for a 40-foot well and S35 to $70 for a 70- 
foot well. 

Chincoteague. — Ciiincoleague Island and its larger neighbor, Assateague, 
are growing in popularity as summer resorts and are known to many sports- 
men for the duck-shooting on Chincoteague Bay and its connected inlets. 
The village of Chincoteague has a summer population of over 1,600, and the 
question of water supply is of increasing importance. Both islands are low 
and sandy — a succession of beach ridges under 10 feet high, except for a few 
small dunes that may rise above 15 feet. On Chincoteague water is obtained 
from dug and driven wells 3 to 14 feet deep, the best water being found in 
white sand in the higher parts of the island. Only two attempts to And 
water at greater depth, previous to 1906, are reported. James Williams 
drove 70 feet on the outskirts of Chincoteague village some years ago 
without result, and the United States government attempted to get deep 
water at the lighthouse on Assateague. This last trial was abandoned when 
a pipe had been .driven to a reported depth of 135 feet. 

The quality of the water from the dug and driven wells varies consider- 
ably, and is said to be better after a long spell of wet weather than during 
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a drought. The water level in the interior of the ielande fluctuates a couple 
of feet with the seasonal Tariations of rainfall, and when the "Bprings are 
low" in dry weather many wells yield brackish water. 

In the village of Chiucoteague driven wells are almost the sole source 
of supply, not over 25 cistenis being reported in use in 1906. Near the 
water front many wells have been salted by unusually high tides. Much of 
the well water is highly colored by iron or organic compounds, but there is 
great irregularity in this respect— the water from wells leas than 20 feet 
apart diJTering decidedly in appearance. A sample said to represent a fair 
average of the wells in town was taken from a tank at the store of D. J. 
Whealton. This water is drawn by a wind pump from three points driven 
14 feet. The results of a field test are given in table 7. 

As the demand for domestic purposes is increasing, and present sources 
of supply at Chincoteague are not altogether satisfactorj', the possibility 
of getting better supplies by wells deeper than any yet sunk calls for 
investigation. However, it ia not likely, in view of what is known regard- 
ing the deep flows of the mainland, that good water will be found at great 
depths, 1,000 feet or more; and the prospects for potable water between 
100 and 1,000 feet are not promising." 

With ordinary precautions against pollution the driven pumps now 
used will suSice for isolated dwellings. The use of water from surface 
ponds near dwellings for "drinking" (floating) oysters is decidedly objec- 
tionable. 

}\'ells on the bay side at SaxUi, Belinda, Marsh Market, and Groions.— - 
A large number of wells have been driven near Saxis, Belinda, Marsh 
Market, Grotons, and Justisville and a few of these flow. Details regard- 
ing some appear in table o. The supplies are in some places excellent and in 
others so hard and iron-bearing as to be unsuited for honsehold use. One 
well on the steamboat pier at Saxis found water in a bed of coarse gravel 
under 2 feet of bluish sand indurated enough to be called rock by the driller. 
The record is as follows: 

Weil of Baltimore, Chesapeal-e i£ Atlantir Steamboat Co., at Saxif. 
(Aiithoritv. I. B. Clnrk. drillrr,) 
-u.!...!.! Thickness i Depth 



Water 






6 

87 
2 
2 


6 




















,B lar([e a 


s marbles, water- bearinf; 


97 



oA deep well \t reported to have been drilled in 1910 tot a projected fish factory 
1 Aisateague Island. The depth of the well and the quality of the water found 
re not luiown to the writer. 
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The water, which is of good quality, rises to tide level. 

At a eaw mill half a mile east of Belinda belonging to Boes & Hall, 
two l^^-inch wells were driven, 44 and 46 feet reflpectively, to the "second 
spring" to get enough water for a SO-horee power boiler. The water was 
hard and formed scale. Wella to the "first spring," 8-10 feetj did not get 
water enough. Half a mile northwest of Belinda a well was driven to the 
"third spring" finding water in a bluish gray sand containing small bivalve 
shells. Those washed np by the drill were not identifiable. 

A well at the oyster house of M. L. Hall on the outer edge of a wide 
strip of marsh facing Mesango Creek was driven 64 feet, stopping on 
"rock." It yields brackish water high in iron that is used for washing 
oysters and has been tried in a boiler. An 84-foot well at Belinda poet- 
<^ce found water which rose to above tide level, but contained so much 
iron as to be unfit for domestic use. 

At the mill of J. A. Hall at Marsh Market a S-inch well driven 93 
feet struck water which rose to 4 feet above tide or 1 foot below the surface. 
The yield was insufficient and a 1^-inch well had to be sunk to the sands 
at 48 feet to get water enough for a 50 horse-power boiler. 

Wells on the bay side farther south. — Farther south on the bay side of 
the oounty a considerable number of flowing wells, ranging in depth from 
36 to 160 feet, have been sunk along Muddy, Hunting, Deep, Chesconnessex, 
On&ncock, Pungoteague, and Nandua creeks, there being probably 30 on 
Hunting Creek alone. As a rule these wells yield good water which may 
have (when fresh from tlie well) a faint odor of sulphur; in places the 
water is slightly hard and iron-bearing. Details of many wells arc given 
in table 5. 

\ well on Muddy Creek near Mearsville showed the following succession 
of materials: 

Record of well of 11'. J. Somers. one mile soiilli of MearnvUle. 
(Authority. I. R. (lark, driller.) 



Soil 

Sand 

Blue mud 

Bluish sand, poor wrIit . . 

Blue mud 

Sand with amall ahella, good water. . 



This li^-inch well, according to the driller, flows at an elevation of 6i/. 
feet above tide 1% gallons per minute. 
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Between Cheacotmessex and Deep creeks, where the gronnd is so low 
that shallow wells are liable to be salted by high tides, several deep wells 
have been driven yielding water of fair quality. The following succession 
of beds was reported from a well near Deep Creek: 

Record of well of Bailey East, one-half mile north of Chesconnessex. 
(Authority, Baile; Eaat, driller.) 



MatariBl 


Tliiekness 

(Feet/ 


Depth 

(Feet) 




■J 

19 

1 

3 
32 
i 

08 
















Loam with smooth pebbles, yellow, gray, black and white; 












Bluish aond, with ahells at 05 SS feet; water at 37 and 100 feet 


137 



The water from all the four "springs" rose to the level of mean high tide, 
or within 18 inches of it, and is slightly irony. 

Onaocock, on Onancock Creek, has a pablic supply system, but most 
persons get water from driven wells, many of which go only to the "first 
spring" at 16 feet. In 1906, seven 2-inch wells at the town waterworks 
reached various depths— two 16 feet, two 30 feet, and three 50 feet. They 
were fitted with slotted brass strainers and were, except one, connected to a 
triplex pump driven by a 7 horse-power gas engine that lifted the water to 
a 50,000-gallon tank on a ateel tower 65 feet high. The wells are driven 
over a roughly circular area 90 feet in diameter, about 18 feet above mean 
high tide. The head of the water in the points is said to be about 5 feet 
above tide. In addition, water is pumped from a dug well 20 feet in 
diameter and 16 feet deep, in which one of the points to the 50-foot sand is 
driven. The yield from the driven wells is small and much of the water 
used oomes from the dug well, which serves both as well and reservoir. 
The total yield is given as 35 gallons per minute. 

The following record of one of the pumping-plant wells was given from 
memory : 
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Record of well at waterworks, OnancocJc. 
(Authority, F. A. Merrill, driller.) 



Material 


Thickness 

(Feet} 


Depth 

(Feet) 


Soil 


1 
3 

12 
14 

S 
16 

S 










16 














Coarse gray sand with pebbles up to one-half inch ; water 


G6 



A field asaay of water drawn directly from tbe points, and another, by 
H. N. Parker, of water presumably taken from the dug well are given in 
table?. 

The water is used in the boiler of vessels belonging to the State oyster 
navy and in those of steamers running to Baltimore. The bacterial . 
purity of tbe supplies from the 50-foot bed should be unqnestionable but 
in 1906 contamination of the open well was possible. 

In 1906, about one-third of the estimated population, 1,800 peopIe,.used 
this water, the remainder getting supplies from driven wells 16 to 36 feet 
deep. The yield of the 25-foot wells was said to be small, but the water 
was pronounced very good. 

Several attempts to supply the town from other wells than those now 
used have been made and two deep wells have been sunk without success. 
One drilled in 1890 by H. K. Shannahan foond water at 90 and 140 
feet, and more below to a depth of 486 feet. The casing was broken in an 
attempt to withdraw it, and the water from the 140-foot sand which rose 
nearly to surface was used for a few years by means of a wooden pump. 
The yield was 5 to 10 gallons per minute. The water was not liked because 
of its "sulphur" odor and the welt has been abandoned for years. Another 
well was sunk in 1895 to about 600 feet without getting a satisfactory 
supply. 

The following incomplete log of tbe well drilled by Mr. Shannahan 
is from that published by Darton." 
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Partial record of well at Onancock. 



Material 


Thickness 
(Feet) 


Depth 

(Feet) 




160 
26 
6 
26 
2 
23 
U7 
















Hard rock 9 inchea: claj 2 inches; rock 6 inches ; cUj 6 inches 


310 


Clay and sandy clay 


480 



The 50-foot sand tapped at the waterworks is reported to be water- 
beariog and to yield no water within short dletanceB. The flowing well of 
H. L. Hurst, on the edge of the creek, 50 yards from the waterworks, is 
only 34 feet deep and evidently tape this sand. 

At Finney, back of Onancock, are several wells over 60 feet deep. The 
83-foot well of W. T. Rogers, according to the owner, went through hard 
black mud from about 50 to 75 feet, below that dark sand, and below that 
light aand containing half-inch pebbles. The water does not rise 3^4 feet 
above tide. The head is greatest at high tides or when nearby marshes are 
flooded after heavy rains. In the springhouse, at the well, are two cement 
basing from one of which the water is pumped by wind power to a tank. 
The water fresh from the well, though perfectly clear, has a slight "sulphur" 
odor ; that from the tank is odorless. 

At Cashville, south of Onancock, a number of wells from 80 to 100 feet 
deep have been sunk. The following record is reported. 

Record of well of S. Crockett, on Masxtank Creel'. 
(Authority, Bailey East, driller.) 



M.1.H.1 ™i5<7' 


Depth 
(Feet) 












no 


Blue land and clam shells 1 


111 



This well does not flow, though the water rises to within 1 foot of 
surface; elevation 6 feet. 

The elevation of the higher ground about Cashville is 8 to 10 feet. 
Dug wells 8 to 15 feet deep yield water of varying quality ; those near the 
creek are sometimes salted by high tides. The water from the deep wells 
is satisfactory. Mnet of the drilled wells cost $36 to $40, including the 
1^-ineh pipe. 

At Harborton, which has a population of about 450, are perhaps 80 wells 
that will flow at an elevation of 8 feet above mean high tide. They all tap 
a bed of coarse aand and gravel at 140 feet. The water is eoft and excellent. 
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but at Bome welis it has a slight "sulphur" odor. A well at Allen & Lenner's 
fish factory, used for boiler supply at the factory and on fishing steamers, 
may be the ■oldest flowing well on the Eastern Shore. The water is said to 
he satisfactory, the boiler being in good condition after 16 years' use. A 
field analysis of a sample from this well is given in table 8. 

The following record ia reported by a local driller. Much the same 
succession was found in other wells in Farborton. 

Record of u-ell of J. W. Adams, Harhorton. 
(Authority, J. W, Adams, owner.) 



Soil 1 . 1 

Red day ! 4 5 

White and yellow sand ; water at 12 feet II 16 

Blue creek mud 24 | 40 

Gray sand and gravel ; water-bearing II 51 

Tough blue clay 74 126 

Gray sand, fine at top, coarser below, contains hard streaksi 

and shells; water-bearing I 15 140 

The deeper wells at Harborton have a 4-foot galvanized iron strainer 
on the l^/^-inch pipe. The casing is usually just long enough, 50 to 55 feet, 
to cut off the water in the second sand. In a few wells casing is carried to 
the bottom because of running sand. At a number of the wells are wood 
or cement tanks into which the water rises and from which pitcher pumps 
lift it to sinks, etc. 

One driller, who fumiehes all labor and necessary tools and works on 
a "water or no pay" basis, charges 45 cents per foot for the first 100 feet 
and 35 cents for each additional foot. Another driller charges $50 for 
sinking 140 feet, 

A well at Boggs Wharf about one-half mile above Harborton pa^^ed 
through beds of the same general character as those at Harborton, as 
indicated by the record below. 

Record of well of H. BattaU, near Boggs. 
(Authority, I. B. Clark, driller.) 



Bed clay 

White sand ; poor water 

Blue mud 

Blue sand; very little water 

Blue mud 

Sheila in bluish sand rock 

Blue mud, sheila and sand rock, tour layera of rock in all . . 
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In a moderatelj coarse greeniBh-gray sand, not glauconitic, at 150 feet 
were eioaU bivalve shells. Specimens of these examined by Dr. W. H. Dall 
were pronotinced probably Miocene, The water rises about 4 feet above 
surface or about 9 feet above mean tide. The quality is good. 

Another well a few hundred yards distant showed much the same 
succession of material. 

Record of welt of Rickard Taylor, at Boggs. 
(Authority, I. B. CUirk, driller.) 



Material 


ThickneBB 
(Feet) 


Depth 

(Feet) 




1 

4 

6 
















Bluish jfray sand with Email shells 


1 


loe 



i feet 



At the mouth of this well is a cement tank. The head is about i 
above mean tide. 

At Pungoteagne village, population about 350, several dug and driven 
wells sunk to the "first spring," 10 to 18 feet, came under suspicion during 
an outbreak of typhoid fever, and a number of deeper wells have been put 
down since. One of these, 210 feet deep, or 190 feet below tide level, is 
the deepest in use in Accomac County. It cost $120. The driller reported 
the following succession of beds: 

Record of well of S. W. Ames, Fungoteague. 
{Authority, I. B. Clark, driller.) 



Material 


Thickness 

(Feet) 


Depth 

(Feet) 




1 
IS 

H 
3 
05 


I 






Blue mud. at 40 feet, and 60 feet, slightly sandy, with a 
little water, at latUr point; bluish sand with shells 


110 


Bluish sand with shells and wood 


208 









The well throws considerable sand when pumped hard. The sand is 
fine, white, well rounded and contains bits of lignitic material. A complete 
analysis of a sample of water from this well is given in table 8. 

There are known to be five water-bearing horizons of varying extent at 
Pungoteague; the first, at 15 to 25 feet, gives plenty of "medium soft" 
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water containing little iron; the second, at 30 to 40 feet, gives hard, iron- 
bearing water; the third, at 6S feet, yields water containing little iron; 
the fourth is at 110 feet; and the fifth at 308 feet gives good water. 

Near Craddockville are several ilowing wells. The following is a log 
of one of them. 

Record of well of L. J. Nielson, Allen Farm, 2 miles northwest of 

Craddockville. 

(Authority, I. B. Clark, driUer.) 



Material 


Thickness 

(Feet) 


Depth 
(Fett) 




140 
33 


140 


Blue sand and shells 


17$ 



This well was dry when completed, and the water at 170 feet broke 
in some 48 hours after the driller had stopped work. 

Wells along the line of the New YorJc, Philadelphia & Norfolk Rail- 
road. — At the villages south of New Church driven wells reach the "first 
spring" at 10 to 15 feet ; most of them find soft water, but some find decidedly 
iron-bearing water. The deeper sands frequently yield better supplies. 

At Hallwood are two wells over 100 feet deep. The log of one is given 
below. 

Record of well of Jos. A. Hall, at Hallwood. 
(Authority, I. B. Clark, driller.) 



Material 


Thickness 

(Feet) 


Depth 
(Feet) 




1 
20 
60 
40 
30 




Pipe clay, sand and gravel, with water below 10 feet 


80 




ISO 


Blue mud 


186 



The yield by a pump was so small that though the water was of good 
quality, the well was abandoned. 

A tank of the New York, Philadelphia & Norfolk Railroad is supplied 
from a dug well 12 feet deep and from sixteen 2-inch points driven to 
varying depths. An analysis of the water from the dug well is given in table 
7. A partial analysis made by C. B. Dudley for the Pennsylvania 
System showed 4.91 grains per gallon of total solid residue consisting 
chiefly of sulphate of lime and magnesia with no carbonates; a slightly 
corrosive water. 
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Parksley, ode of the largest villages along the railroad, populatioD 500, 
ha8 no public supply system ; nor were drilled wells over 40 to 50 feet deep 
reported from the village. 

At Accomac, the county seat, water is obtained from three sandy beds 
lying 12, 30, and 50 feet respectively below surface. The water from the 
first is soft, but that from the second is iron-bearing, and that from tlie 
third is soft. The following generalized section is given by a driller who 
has sunk many wells in the county. 

General section at Arcomac. , 
{Authority, I. B. CUrk, driller.) 



Material 


Thiekness 

(Feet) 


Depth 
(Feel J 




1 
3 

28 
IS 

1 








Yellow and white sand; Hurfai^ water at 12 fe«t, better 








Coarse bluUh sand, gravel, and small Bhells; (pmd water 


51 



Field assays of samples from three wells are given in table 7. 

Near Taaley dug and driven wells average 10 to 15 feet deep and many 
get water that contains a little iron. Water of better quality is said to be 
found at 20 feet. The railroad tank is supplied from eighteen 2-incli 
points driven to varying de|>ths, said to be 22, 35, and 50 feet. 

A partial analysis by C. B. Dudley, of water from a well 12 feet deep, 
showed 4.21 grains of total solid residue per gallon, consisting chiefly of 
sulphates of lime and magnesia with some chlorides and no carbonates ; 
a slightly corrosive water. 

No wells over 55 feet deep had been driven at Onley. 3 miles south of 
Tasley, and there were only two over 50 feet; most were 10 to 20 feet 
deep. The following record shows the character of the materials overlying 
the "second spring." 

Record of leell of I. W. Rogers at Onley. 
(Authority, I. B. Clark, driller.) 



Soil 

Light gray clay 

Yellow Band, full of water 

Blue mud 

Coarse gravel and pebbles; water-bearing 
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About Keller dug wells get water at 8 to 10 feet and are nearly full in 
wet weather. Driven wells tap sandy beds at 8 to 20 feet. One taps a sand 
at 60 feet. 

Wella on the ocean side south of Ckincoteague Bay. — On the ocean aide 
of the county, south of Chincoteague Bay, flowing weJls have been drilled 
along the inlets, the best flows, as on the bay side, being at the base of steep 
elopea facing open water or marshes. The first attempt it is said, was at the 
residence of B. T. Gunter, 4 miles southeast of Accomac, in 1899. This 
well gets water, which rises about 3 feet above the level of mean high tide, 
from a sand bed at 122 feet below surface. A windmill elevates the water 
to a tank whence it is piped to the house. 

Another flowing well on Custis Neck, %-mile southeast of the well just 
mentioned, is 104 feet deep and flows 100 gallons an hour at an elevation 
of 1 foot above the surface or about 4 feet above mean high tide; the 
following record was given by the driller. 

Record of well of 0. L. Dougherty, one and one-half miles north of 

Locusivitle. 

{Authontf, I. B. aark, driller.) 



Material 


Thickness 

(Feel) 


Depth 
(Feet) 




20 
35 
6 
40 

4 

























At Wachapreague, on the head of Wachapreague inlet, east of Keller, 
practically all the driven wells get water from the "first spring" at about 10 
feet. Along the edge of the marsh at the head of the inlet this water is 
brackish. A large hotel supplies cist«m water for drinking. 

Wells on islands in Chesapeake Bay. — The Chesapeake Bay islands 
included in Accomac County are low, like those on the ocean side ; and 
some are mere patches of salt marsh. The largest of the islands, Tangier, 
has a population of over 1,200 persons. Most of the dug wella on this 
island are less than 9 feet deep. The water at some wells is soft and at 
others, particularly near the shoreline, hard or irony. These shore wells 
frequently get brackish in droughts or after unusually high tides. Shallow 
driven wells which yield water of much the same quality as the dug wells 
are preferred for sanitary reasons. 
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The only attempt at deep drilling reported is a well driven to 250 feet 
for J. J, Daly near the center of the island in 1906. A bed of very fine 
sand 65 feet thick containing salty water which rose to within a few inches 
of the surface was struck at 141 feet; "rock" at 105 feet, and black mud, 
"rotten sea-grass and clam shells" at 200 feet and below. No large supply 
of water was found below 141 feet, and the sand at that depth clogged the 
pipe. 

On Watts iBland the deepest well in 1906 was about 70 feet and on 
Fox Island the deepest was 76 feet. On the latter island a number of wells 
have been driven by William EUinger for use at oyster houses. The follow- 
ing carefully kept record shows the character of the beds penetrated : 

Record of well on Fox Island. 
{Authority, William EUinger, owner.) 



Material 



Manh Bod 

Mareh nmd 

Stiff, yellowish-red day 

Blue mud 

Coiwlomerated shells, pebbles and gray limy clay. . 

Stiff, gray clay 

Hard Hulntance called "coral rock" by driller 

Tough gray clay 

Sand and day 

Sharp gray or white, fine to coarse quarts tend. . . 
Coarse gravel ; water 



The water which rises to within 3 feet of the surface of the marsh, the 
level fluctuating with the tide, is hard and slightly iron-bearing. The 
yield with a No. 3 pitcher pump is 10 to 15 gallons per minute. The 
quality of the water is shown by the field assay in table 7. 

The chances of getting plenty of deep water on these bay islands, 
particularly on Tangier, is so promising that a test by deep drilling should 
be made. The fine wells on the Great Wicomico Kiver, Virginia, and at 
Crisfield, Maryland, indicate that abundant flows may be had at about 
1,000 feet below sea level in the Upper Cretaceous beds. The water will 
probably be fully as mineralized as that at Crisfield and may be salty. 
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Some shallow-well details reported by postmasters an 
below : 

Details of shallow wells in Accomac County. 



1 Depth ol 
PoBt-offiee 1 welh 
1 (Feet) 


Material of 
water b«d 


Qualit}' of 
water 




10-25 
10-26 
8-25 

8-ia 

8-12 
10-40 
10-18 
10-28 

8-ia 

5-20 
6-40 
10-26 








oia'y and und 




Bullbemier 


bad, irony 










soft, bad, salty 
J shallow, irony; 
5 deep, good 






Leemont 






sand and gravel 






hard, irony 






SinnickBon 

TemperanceTilla 


day end sand 

8«nd 


fTi^^ irony 



Conclusions. — By einkmg to one or SDother of the sandy beds above 
300 feet it is possible at most places to get supplies of water of satisfactory 
quality. Owing to their easy pollution dug wells are objectionable. 
Driven wells can be sunk cheaply and water from those 30 feet or more 
deep should be free from disease germs. 

The outlook for satisfactory water from beds in the Chesapeake deposita 
300 feet or more below surface is not especially good. On the mainland 
in the northern part of the county there ia a chance of getting potable 
water at greater depth, 1,000 to 1,500 feet in the Earitan, but drilling in 
the hope of reaching better supplies in the Potomac beds, 2,000 feet 
more below surface, is not advisable. In the southern part of the county 
deep well prospects are less promising than in the northern. 

AIEZAintKIA COinSTT. 

General description. — This county, once part of the District of Columbia, 
is the smallest and most densely populated county in Virginia. The area 
is 32 square miles. The topography is varied, elevations ranging from 
sea level to over 400 feet. In places on the heights above 300 feet are 
remnants of the Lafayette terrace, and several of the Columbia terraces 
are plainly traceable, particularly the Sunderland at 960 feet near Ballston 
and Glen Carlyn. The city ot Alexandria stands on a somewhat eroded 
terrace 40 to 50 feet high. 
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The crystalline rocks, mostly granite and gneiss, outcrop and are 
quarried along the river above Rosslyn and are exposed in ravines in the 
western part of the county. 

The cobbles, sands, and clays, of the Patuxent fonnation {Potomac 
group) outcrop here and there. Northwest of Alexandria the higher 
(Patapsco) beds rest on gneiss and granite at elevations up to 250 feet 
above tide, whereas the base of the Patuxent is over 450 feet below tide at 
the river front in Alexandria. 

The Columbia formations contain characteristic cobble beds, sands, and 
loams. The more highly colored loams of the Lafayette formation are 
found on the remnants of the high plain between Cheirydale and Falls 
Church, at Upton Hill, and elsewhere, 

ONDEEGRO0ND WATERS 

Occurrence and quality. — In Alexandria County water is obtained from 
the crystalline rocks, from their decayed upper surface, and from Potomac, 
Lafayette and Columbia Bands. Because of this difference of origin the 
quality varies. Generally the waters are soft ; in places they are hard and 
some de«^ wells and occasional shallow wells have found water containing 
considerable iron. In general the water of the deep drilled wells, particu- 
larly those at Alexandria, is beyond suspicion, but into many open shallow 
wells, in places where there is lack of proper curbing, surface impurities 
are washed at every rain. 

Springs. — As a result of an abundant rainfall, and a deeply scored topog- 
raphy, Alexandria County has many springs. They issue from hollows, 
from hillsides, in ravines, or at the base of terrace scarps. Most of them 
flow from sandy beds in the Columbia, but a few flow from hard rock. 
Many of the springs are utilized for household supply or for watering stock, 
while three are, or have been, of commercial importance. These are the 
Hume, near St, Asaph, the Erup near Glencarlyn, and the Powhatan 
south of Upton. 

Hume. — This spring or springs, for there are two distinct sources, in 
the valley of Four Mile Hun, is said to have been discovered by troops during 
the Civil War. It has been improved by a concrete basin, piping, etc. 
The flows issue from Columbia sands on a terrace. The principal flow, 
about 10 gallons per minute, is said not to vary with the seasons. The 
water contains iron and according to some j^rsous, has a slight sulphur 
odor. It is not sold by the owner, but has been collecteil and sold by others. 
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Erup mineral spring. — This spring, about half a mile south of 
filencarlyn Station, iesues from a high-lyiog sand and cobble bed. The flow 
is about 1 gallon per minute. Over the spring is a frame spring house, 
adjoining this is a frame bottling house with cement-lined iron tanks. 
The water, which is clear, colorless and odorless, is said to carbonate well. 
It has been shipped to Washington and sold there, plain or carbonated, for 
table or medicinal use. 

The water has been analyzed several times; the following analysis 
shows its low mineral content. 

Analysis of Erup mineral spring water. 
(J. K. Haywood, analyst.) 

Parts per 1,000,000 

SilicH ( SiO,) 7,9 

Sulphuric acid radicle (SO,) 3,3 

Bicarbonate ocid radicle (HCO,) fl.l 

Chlorine {CI) tt.3 

Bromine (Br) none 

Iodine ( I ) small amount 

Iron (Fe) 1 

Manftanese (Mn) none 

Calcium (Ca) 2.0 

Magnesium (Mg) 1.8 

Potaesium (K) l.S 

Sodium (Na) 5.7 

Lithium (I,i) trace 

Oxygen to form oxide of iron ( Fe^) and silicic acid radicle (8iOg) 1 .2 

Total 39.8 

Total Eolids 47.8 

HYI>OTHEnCAL COUHI NATION 

Lithium chloride (LiCl) trace 

Potassium chloride ( KCI ) 2.0 

Sodium chloride (Noa) 8.1 

Potasaium iodide ( Kl ) small amount 

Sodium sulphate iNa^O.) 4.0 

Magnesium sulphate (MgSO,) 3 

Magnesium bicarbonate (Mg(HCO,),) 10.2 

Calcium bicarbonate (Ca(nCO,),) 8 

Calcium silicate 7.0 

Silica (SiO.) 3.8 

I'-erric oxide (Fe,0,) 2 



Pou-halan. — This spring is situated about three-eighths of a mile south 
of Kearney station on the Washington, Alctandria & Great I"alls electric 
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railway. It iBsues from the south side of a ravine, the valley of a small 
rill that empties into Four Mile Hun leas than half a mile east of the 
Gpring. A dark granite outcrops in the ravine, and the spring is probably 
of the crevice type, though the point of emergence from the rock is not 
visible. The cooIueEs of the water indicates a source deeper than that of 
many hillside springs. The flow is about 10 gallons per minute; the 
quality clear, tasteless, and odorless. The spring basin is protected by a 
masonry chamber; there are no possible sources of pollution near, and 
the sanitary conditions are good. 

There ie a masonry bottling bouse at the spring from which water 
has been shipped to Washington. The following analysis was made by 
the Bureau of Chemistry." 

Anatt/sU of Powhatan spring water. 
(J. K. Hayn'ood and B. H. Smith, analysts.) 

Parts per 1,000,000 

Silica (SiO,) 12.0 

Sulphuric acid radicle {SO*) 1.2 

Bicarbonate acid radicla (HCC^) 12.0 

Nitric acid radicle (NO.) 1.65 

Nitrous acid radicle (NO,) 016 

Phosphoric acid radicle (PO,) none 

Metaboric acid radicle ( BO,) none 

Arsenic acid radicle (AsO,) none 

Chlorine (CI) 3.8 

Bromine (Br) none 

Iodine (I) trace 

Iron and aluminum (Fe + Al) 2 

Manganese ( Mn ) none 

Calcium (Ca) 1,6 

Magnesium (Mg) 1.2 

PoUssium (K) 1.2 

Sodium (Na) 3.7 

Lithium (Li) none 

Ammonia (NH.) 069 

Oxygen to form Fe^, .10 

Total 3S.'135 

Free ammonia 065 

Albuminoid ammonia none 

Nitrogen as nitrates .360 

Nitrogen as nitrites .005 

Oxygen required ; .45 

oHaj-wood, J. K., and Smith, B. H., Mineral Waters of United States. Bull. 91, 
Bureau of Chemistry, 1905, p. 43. 
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Analysis of Powhatan spring water — (Continued). 

Htpothctical Combination 

Parts per 1.000,000 

Ammonium chloride (NH,C1) 0.207 

PotBBStun) chloride (KCl) 2 3 

Sodium chloride (NaCI) 4.3 

Potassium iodide (KI) faint trace 

Sodium sulphate (Na,SO.) 1.8 

Sodium nitrate (NaNO,) 8.12 

Sodium nitrite (NaNO,) 024 

Sodium bicarbonate (NaHCO,) 2.9 

hlBgneaium bicarbonate {Mg(ItCX),),) 6.0 

CaJcinm bicarbonate (CaCO,) 6.S 

Ferric oxide and alumina {¥ejO, + Alfi,) 3 

Silica (8iO,) 12.0 

Total 38.451 

Public supplies. — The city of Alexandria, population about 17,000, is 
supplied with water taken from a creek, Cameron Run, about 3 miles 
above the city. The military post of Fort Myer is supplied with water 
from Potomac RiYer. 

LOCAL SUPPLIES 

Alexandria. — There are a number of dug wells owned by the city and 
many privately owned ones. These wells 20 to 40 feet deep get water 
from sandy and gravelly Columbia beds. In 1906 some were liable to 
pollution from leaky sewerB or cesspools. 

Deep wells have been drilled for the Robert Portner Brewing Co., the 
Mutual Ice Co., the Alexandria Fertilizer and Chemical Co., and the 
Belle Pr6 Bottle Co. At the Portner brewery, on a slope 40 feet above 
tide, are four 8-inch wells down about 400 feet and one 6-inch well down 
61 feet, the greatest depth of well reported being 430 feet. The wells 
are pumped by air lift. The water is low in lime but alkaline enough 
to make an admirable boiler water. It is used for brewing, for ice-making, 
and for washing as well as for steam production. A number of families 
in the vicinity of the brewery get the water for drinking. The water from 
tlie 61-foot well containe considerable iron and is used only for cooling 
condenser coils and washing the outside of kegs and i^arrels. Analyses 
of water from two of the deep wells, made in 1903, are given below. 
Well No. 1 had been in use 80 years; well So. 2 had just been completed. 
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Analyses of water from wells of Robert Partner Brewing Co., Alexandria. 
(First Scientific Station for the Art of Brewing, analyst.) 

Parts per 1,000,000 

■ No. 1 No. 2 

Total MlidB ■ 118.0 170.0 

Organic and volatile matter 12 . 14,0 

Iron and aluminum oxides (Fe,0, + A1/),) trace 4,0 

Calcium (Ca) .'.... 

Magnesium ( Mg) 

Chlorine {CI) 24,9 IB. 6 

Alkaline carbonates 114.4 109. 

Sulphuric acid (SO.) 11.6 12.0 

Nitric acid 0.0 0.0 

Nitrous acid 0.0 0.0 

Free ammonia trace trace 

Albumenoid ammonia smalt trace small trace 

Total hardneaa 15^6 20.0 

A later analysis made by the United States Geological Survey is given 
in table 11. 

The 8-inch well of the Peoples Ice Company is on the river front- 
It is 401 feet deep and cased to the bottom. The water rises about to 
tide level, 12 feet below the top of the well. Pumping 90 gallons a minute 
lowers the water to 60 feet from the top. The water, like that from the 
Portner wells, is colorless, odorless, and tasteless. It is used for making 
ice and has been bottled and sold for table use under (he name of Slico 
water. An analysis furnished by the company but recalculated to express 
results in the form adopted by the U. S. Geological Survey shows the 
following mineral content: 

Analysis of Mico Water. 
(J. D. Hird, analyst.) 

Parta per 1,OW),000 

■Total solids 170. 

Organic matter . 

Silicia (SiO,) 21 . 

Calcium ( Ca ) trace 

Magnesium (Mg) 1.4 

Sodium (Na) 4B. 

Bicarbonate radicle (HCO,) 31). 

Sulphate radicle (SO,) 3S. 

Chlorine <C1) 32, 

A well sunk in 15)06 at the plant of the Alexandria Fertilizer and 
Chemical Co., on the water front a quarter of a mile north of the well of 
the Peoples Ice Co., ilJustratei- tJie variability of the Pntuxent sands a,-^ 
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water bearers, the poor quality of the water in some of the sands and the 
difficulties that beset a driller unaccustomed to working in the Potomac 
sands and sandy clays. 

A standard cable rig was used and rapid progress made for the first 
250 feet. Below 300 feet progress was slower and the 8-inch casing after 
a series of accidents finally collapsed at 397 feet. An attempt to go 
deeper with 6-inch casing resulted in reaching a total depth of 445 feet, 
beyond which it was impossible to drive the casing, though this was 
heavy pipe, without its collapsing. Little water was found and none 
that would flow at surface, 10 feet above tide. Dynamiting at 350 feet 
gave a small yield which rose to 80 feet of surface. Dynamiting at 225 
feet gave water which rose nearly to tide level. The yield is 60 gallons per 
minute, by ait lift, the end of the air pipe being 215 feet down the well. 

The water from the sand and gravel at 225 feet has not improved 
in quality under heavy pumping. It is clear and colorless when fresh 
from the well but becomes tnrbid and deposits iron on standing. It has 
an acid reaction and is not suitable for boiler use. A partial analysis 
showed solids amounting to 1,265 parts per million, chiefly sulphates. 

A 6-inch well drilled for the Belle Pr4 Bottle Co., half a mile north- 
west of the brewery, is 185 feet deep; the water, from a sand bed in the 
Patuxent formation, rises to 25 feet of surface, elevation 40 feet ; pumping 
65 gallons lowers it 10 feet. It is used for boiler supply, though it forms 
a tough hard scale, and for other purposes at the company's glass works. 
The analysis in table 11 was made by the U, S. Geological Survey in 
1910. The difference between this water and that from the deeper wells 
is marked. 

Other localities. — On the heights west of Alexandria most residences get 
water from dug wells; a few have drilled wells. The supplies come from 
Columbia or Potomac sands and cobble beds. Depths to water and quality 
of supplies vary. Thus a drilled well about 125 feet deep on the southeast 
slope of Shooter Hill obtains iron-bearing water that rises to 60 feet of 
surface from a Patuxent sand bed ; whereas about 100 yards east, and a little 
higher up the hill, a .well only 20 feet deep yields an abundant supply 
■of soft clear water. At most wells the water is soft. 

The irregular occurrence of water in crystalline rocks in the western 
part of the county is shown by the following records furnished by N. H. 
Darfon. The second well is 150 feet east of the first. 
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Record of ivell of 0. N. Saegmvller, Chain Bridge. 
(Authority, W. C. Miller, driller.) 



Micaceous red clajr . 
Soft micaceous rock . 



A little water, about 2 gallons per minute, was found at t 
1 water below. 



Record of ivell of G. N. Saegmuller, Chain Bridge road. 
(Authority. W. C. Miller, driller.) 



Material 


Thickness 
(Feel) 


Depth 

(Feet) 




60 
11 
10 








Gneiss 


81 



The yield of this well was 8 gallons per minute. 

The record of another well that obtained water from granite is given 
below. 

Record of well of A. M. Lathrop, Upton EUl, near Fosfom. 
(Authority, W. C. Miller, driller,) 



Micaceous red clay 

Soft micaceous rock; small supply of water at 60 feet. . 
Soft gneisg 



172 



According to the driller, this well, when completed, yielded 15 gallons 
per minute of excellent water. 

About Addison and Arlington Junction are many dug wells and a few 
drilled wells. The dug wells are 15 to 25 feet deep. The drilled wells 
vary greatly in deptli. One at the power house of the Washington, 
Alexandria & Mt. Vernon railway, near Luna Park, yields a small flow 
of good water from a sand bed reported to be but 36 feet below surface. 
The comrparatively high head of the flow, about 20 feet, is explainable 
by the water bed receiving supplies from the hill on the Luna Park 
grounds, and thus having an initial head of possibly 100 feet. At the 
plants of the Standard Brick Co., and of the New Washington Brick Co. 
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near Addison are wells 140 feet and 131 feet deep respectively, tapping 
Patuxent beds. The water is used for boiler supply and for drinking. 
An analysis of the water from one of the wells appears in table 11. 

There are no deep drilled wells at Eosslyn. Moet dug wells obtain 
soft water from Columbia or Potomac sands and cobble beds. Depths 
range from 16 to 40 feet. 

On the terrace near Ballston, Clarendon, Veitch and Kearney, dug 
wells about 30 feet deep are practically the sole source of supply. The 
water lies chiefly in Columbia sands or cobble beds and is soft at most 
wells ; a few wells yield hard water and a few water that is irony. 

About Glen Carlyn dug wells are 20 to 35 feet deep. The water, in 
Columbia cobble beds, is soft as a rule. 

Falls Church lies chiefly in Fairfax County and its water supply is 
described under that county. 

Concltisions. — The underground water resources of Alexandria County 
are considerable and can meet far greater demands than those at present 
made. At Alexandria and along the river front northward, it will 
probably pay any concern using large amounts of water to have a com- 
petent driller make a test to bed rock. Exact prediction of depth to good 
boiler water at a particular point is impossible. It is probable that such 
water will be found within 100 feet of bed rock, that a deep well will pene- 
trate a number of water-bearing sands, and that wells a short distance 
apart will get water of different quality from about the same depth. 

Deep drilling on the higher terraces to develop water in the crystalline 
rocks is a more uncertain venture. It will often be justified by sanitary 
considerations. 

CABOLDIE COUNTY. 

General description. — Caroline County, formed in 1727 from portions 
of Essex, King and Queen, and King William counties, lies in the western 
part of the Coastal Plain between Rappahannock and Mattaponi rivers 
and extends into the Piedmont region. 

The topography is of the western shore type. On the highest terraces 
are patches of swamp in which head sluggish brooks that meander to the 
edge of the terrace, then descend rapidly through sharply cut valleys to 
the lowest terrace. Elevations range up to 250 feet. The Lafayette terrace 
caps divides in the western end and the Sunderland terrace occurs on the 
divides in the eastern end of the county. Ijower terraces make the 
second and first bottoms of Rappahannock and Mattaponi rivers. 
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The oldest roeke exposed at the surface within the Coastal Plain part of 
the county are the Triassic sandstones and shales in the valley of the 
South Anna River, The sands, gravels, sandstones, and clays of the 
Potomac, the greenaands of the Pamunkey, and the clays and sands of 
the Chesapeake all outcrop. 

DNDEHGBODND WATERS 

Because of the topography and because of the variability in composi- 
tion of the snrficia] deposits, the depth to the water table and the character 
of the ground water vary greatly. On projecting headlands of the 
Lafayette or Sunderland terraces dug wells may have to go 60 feet to 
get water, while on level interstream areas of the same formation wells may 
iind sufficient supplies within 12 feet of surface and be full to the top 
after prolonged rains. On the lower terraces the differences in depth to 
water are less but the wells are more apt to go dry in drought. The 
sands of the high terraces yield water that is mostly soft but in places it 
is hard. Waters in the lower terraces are more apt to be hard or iron- 
bearing. Wells sunk through the terrace formations or through valley 
wash into the Chesapeake deposits obtain water that may be soft; if the 
water comes from a bed of shell marl it may be decidedly hard. Supplies 
may be scanty, though the wells penetrate the clayey sands for 50 feet. 
The Potomac and Pamunkey sands, tapped by drilled wells along Rappa- 
hannock Biver, yield flows of soft water of good quality that has a faint 
"sulphur" odor. 

Springs. — Because of the topography Caroline County contains many 
springs of the Coastal Plain type. They are comparatively little used 
for household supply and none is of commercial importance. One near 
Guineys has a local reputation for yielding water of theraputic value. 

Wells. — Dug wells, most of them having a wood curbing at the bottom, 
are the chief source of supply. There are comparatively few driven wells 
in the county and perhaps 10 drilled wells along Bappahannock River. 

The usual price for digging a well is $5. This does not include extra 
labor needed and lumber used for curbing. 

LOCAL SUPPLIES 
Bowling Green. — Practically all the water used in this village, the 
county seat, is obtained from dug wells S5 to 35 feet deep which give 
enough water for household use, but few withstand continued heavy pump- 
ing after prolonged dry weather. Some of the wells are poorly located. 
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According to R. P. Vincent, there are about 60 dug wells in the village. 
He gives the following as an average section of the materials penetrated. 

QeneTolhed section at Bowling Green. 
(Authority, E. P. Vincent.) 



Material 


Thickneaa 
(Feel) 


Depth 
(Feet) 




7 
7 
12 
6 






14 






Gray sand, main aupply ot water 


31 



The supplies show unexpected variations in quality, due either to the 
chaotic assortment of materials in the basal beds of the Sunderland for- 
mation or to some wells striking shell beds in the Chesapeake. The water 
from the public well in front of the old courthouse is soft and contains 
little iron, while almost directly across the street, the well of R. P. Vincent 
gives water that is hard and contains iron. The village has a reputation 
for healthfulness, so the supplies obtained from the dug wells are presum- 
ably satisfactory from a sanitary standpoint. 

Results of field assays of the water from neighboring wells appear in 
table 7. 

Other localities. — At Milford on Mattaponi River the dug wella average 
30 feet deep, and get water from sandy and gravelly Columbia beds. The 
water in a number of the wells is decidedly irony. 

The dug wella at Port Royal go deeper than at Milford; some pass 
through the Columbia sands and get hard water in the Pamunkey greensands 
at 20 to 25 feet. The artesian wells at or near Port Royal tap coarse green- 
sands and gravels at the bottom of the Aquia fomiation. The water is 
beautifully limpid, has a faint "sulphur" odor and is distinctly alkaline." 
One of these wells, owned by the corporation of Port Royal, is on the river 
edge ]UBt below the steamboat landing. It is 373 feet deep, I14 inches in 
diameter, and flows S gallons per minute, the flow varying slightly accord- 
ing to the stage of the tide. An attempt to get a supply on the terrace, 
elevation 30 feet, by a ram, proved disappointing and was abandoned. The 
other wells at and below Port Royal get water from the Aquia. A few 
wells farther up stream get water from "quicksand" in the Potomac. 
One of these wells at Hayfield farm near Horseneck is 169 feet deep and 
just flows at an elevation of 35 feet above tide. The driller reported the 
following log: 

oFor field aneay of water, see table 0. 
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Record of well of A. B. Lewis, 9 miles southeast of Frederick^urg. 
(Authorit}', Geo. Eeflin, driller.) 



Red clay and gravel 

Blue marl; water at bottom; this water caaed off 

Quicksand, "green with white gpots"; mnin flow at 167 feet. . 



67 



The following summarized statement shows the TariatJocG in depth 
to water and quality of supplies at several localities de^tendeut on dug 
wells. The data are from reporta by postmasters and others. 

Details of dug wells in Caroline County. 



Poet-ofBce 


Depth of 
welU 

(Fett) 


Water bed 


Quality of principal 
supply 




26 to 46 

40 
10 to 24 
10 to 20 
25 to 40 
30 to 50 
16 to GO 
15 to 26 
10 to SO 
30 to 36 
10 to 76 

40 
20 to 45 
12 to 30 














Cla; and gravel 
Sand 

Gravel 
Gravel 

Ssnd, blue cla; 
Sand, gravel 


Soft 


DeloB 




Edgar 














Fair, irony 
Soft, irony 


















Woodford 






Gravel 


Soft 



Conclusions. — Except at a few villages present supplies of water are 
equal to local demands. Water that is above suspicion of pollution can be 
had from the Pamunkey and the Potomac sands by propsrly drilled wells, 
but flows are not to be expected at over 25 feet above sea level. 

At Bowling Green excellent water for domestic use can be had from 
the Pamunkey at a -probable depth of 400 feet. As this wafer will not 
rise within 100 feet of surface, the well would have to be pumped, hence 
should be of sufBcient diameter. At Milford a flow at the surface from 
either Pamunkey or Potomac sands is doubtful. Enough water to keep 
fire tanks full and supply several buildings can be had on the terrace at 
Port Royal by attaching a hydraulic ram to a carefully drilled and cased 
well of larger diameter than those now in use. On the Mattaponi no 
artesian wells have been sunk, but flows may be struck at 300 feet below 
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tide level at the east line of the county. In general flows are not to be 
expected and supplies that will rise 20 feet above river level are unHkely. 
There is a good prospect for flows at less elevation east of Penola. The 
Newark rocks -on the North Anna River are uncertain water-bearers, ae 
shown by the deep well at Doswell, 

CHARLES CUT COUHTT. 

General description. — Charles City County, one of the original shires 
of the colony of A^irginia, wab formed in 1634. It extends along the 
• north side of Jamea River to the eastern end of the peninsula between 
James and Chickahominy rivers. 

Away from the rivers the western end of the county has a gently 
rolling surface, cut here and there by some tributary of the James or 
the Chickahominy. An altitude of SOO feet is reported just south of Box- 
bury. This high point is a remnant of the Lafayette terrace, and other 
remnants of the Lafayette terrace may be seen northeast of Malvern Hill. 
The lower terraces are plainly evident in the east end of the county. On 
the James the development of the Wicomico terrace gives the topography 
a peculiar, drowned look; red hills, remnants of the Sunderland terrace, 
project above the buff loams and clays of the Wicomico plain. This is 
particularly noticeable on the road from Charles City to Richmond, between 
the Willcox Wharf wwd and Herring Creek. Along the Chickahominy 
which, above Providence Forge, flows for 40 miles through a narrow swamp, 
a low terrace is well developed. 

The Columbia or the Lafayette overlies the clays, sands, and marls of the 
Chesapeake, on the higher land in the eastern part of the oounty. The 
Chesapeake is probably not more than 130 feet thick, thinning toward 
the west. Along James River, from the west line of the county to Herring 
Creek, the greensands of the Pamunkey lie just below the Colombia and 
are exposed in bluffs. The Chickahominy has not cut its way down to 
the Pamunkey, though at Bosbury the cover of Chesapeake is less than 
50 feet thick. 

DNDERQBOrKD WATERS 

Occurrence and character. — Supplies of nndergroiind water sufficient for 
the needs of farm houses can be obtained on the terraces from wells sunk 
in the Lafayette or the several Columbia f-ormations. The depth to the 
water table varies according to topography, depth of the snrficial deposits, 
freedom of ground water movement, etc. Some anomalous conditions 
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result. For iDstance, near Shirley aonie wells on projecting headlands of 
a Sunderland plain get water at 15 feet in loam, while on the Wicomico 
terrace 50 feet below and not over 300 yards distant, wells go 30 feet to 
water. The quality of the enppliea from the Sunderland and Wicomico 
formations varies, but is generally soft. On the Btretehea of a low-lying 
terrace near James River, excellent water can be had by driven points 
20 to 30 feet deep. Water from shallow wells in the Chickahominy 
▼alley has a bad reputation, being thought to cause malaria, and intestinal 
diseases. Part of this ill-repute is no doubt due to the use of dug wells. 

Springs. — Charles City County has its share of springs, most of which 
are of the ordinary Coastal Plain type, Sowing from terrace gravels above 
Chesapeake or Pamunkey beds of sandy clay. The flows are small, probably 
averaging less than 6 gallons per minute, but the waters are soft. No 
spring is the site of a health or pleasure resort, and from none is water 
shipped in commercial quantities. A few that are noticeable for one reason 
or another are those of John Ruffin, fi miles west of Charles City; E. A. 
Saunders at Buckland Farm in the same section ; and R. W. Swift 3 miles 
southeast of Elko. The last, situated in a hollow by a run that empties 
into Chickahominy River, has a fine flow of 20 to 25 gallons per minute 
from clayey and sandy beds near the bottom of the Wicomico formation. 
Other good springs are found along the same run. The water from Mr. 
Swift's spring is clear and sparkling, and is used for all domestic purposes. 
A field assay is given in table 6. 

Wells. — -The dug well, cased with wood, is the chief source of under- 
gpound water supply. In places on the lower terraces along James River 
driven wells are used. There are few deep drilled wells, thongh water- 
bearing beds in the Pamunkey or Potomac underlie the entire county. 

LOCAL SUPPLIES 

Of the deep wella reported, one 280 feet deep, near the Chesapeake & 
Ohio railroad station at Roxbury, on the edge of the cypress swamp along 
Chickahominy River, was drilled for T, L. Watson to furnish drinking 
water of better quality than could be procured by dug wells, and to supply 
a mill boiler. The water rises to within 2 feet of surface, or about 40 
feet above mean high tide in James River. According to unverified reports 
a email flow was struck at 70 feet, but was cased off. The main flow is 
from a Potomac gravel bed. The water, pumped by a windmill, is clear 
and soft with a very slight sulphur taste. It works nicely in a boiler, 
and is called an excellent table water. 
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Odc of the finest wells in the section along James Hiver was sunk for 
W. M. Bamsey, on the famous estate known as Weatover, The well, which 
is 10 inches in diameter and 139 feet deep, found water in a bed of gravel 
and black sand (basal Pamunkej) at 132 feet; this water rises to 10 feet 
of surface, or 10 feet above mean high tidei Pumping 70 gallons per 
minute lowers the water 8 feet. A 4 horse-power gas engine belted to a 
horizontal pump, forces the water to a tank whence it ia piped to the house, 
stables, and other buildings. The water is clear, tasteless, and odorless. 

At Bucklands stock farm, near Bncklands Landing on James River, 
are 6 flowing wells ranging in depth from 168 to 184 feet that reach 
Famunke; sands. The flows are free, ranging from 6 gallons through a 
2-inch pipe, at the well on the highest ground, elevation 24 feet, to 80 
gallons per minute at a well by the river. The reported head of the flows 
is about 32 feet above river level {See table 5.) 

Near Charles City dug wells are found 25 to 40 feet deep, averaging 
30 feet, and ordinarily contain 4 or 5 feet of water. In most wells the 
water is called hard. 

The following section in a road cut at Courthouse Creek shows the 
general character of the Columbia and Chesapeake beds reached by dug 
wells. 

Section at Courthouse Creek, Charles City. 



Material 


Thickness 

(Feel) 


Depth 

(Feet) 




10 

1 

10 
















Coarse yellow and orange Band 


26 



Xear Binn's Hall dug wells are 12 to 60 feet deep, most being from 
12 to 25 feet; the water in the shallow wells is wft, in the deep hard. 
Near Oldfield the wells average around 30 feet and yield soft water; near 
Sturgeon depths range from 20 to 70 feet, averaging 50 feet. The water is 
soft. On the terrace back of Wilcox Wharf wells are 30 to 45 feet deep. One 
on the bluff, belonging to T. W. Hubbard, went 12 feet through red and 
buff clay and 31 feet through sand, gravel, and iron crusts, with pebbles 
near the bottom. The water is soft and excellent for domestic use, (See 
analysis, table 8.) 

At Eppes Island on James Eiver, driven wells get good water from 
the Talbot formation at 15 feet. At and near Shirley are a considerable 
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number of driven wells. They are from 87 to 35 feet deep. H. S. 
SanndeiB gives the following average record for wells at Upper Shirley. 

Generalked section at Upper Shirley. 
(Authority. H. B. SaunderB.) 



Soil 

Tough gray clay 

Reddisli Bandy clay 

Cobbia bed 

Coatae gravel, water-bearing - 



I 



33 



A field a£say of a sample of water from a 30-foot well is given in 
table 7. 

This well, driven some 15 years ago, is situated in a slight hollow of 
a terrace about 25 feet high. To guard against surface water working 
down along the pipe a hole 4 feet in diameter and 1 foot deep was dug 
about the pipe and filled with concrete. A deep well drilled for Mr. 
Saunders struck bed rock at 350 feet. It did not get a flow. 

Sear Malvern HOI post-office wells are from 20 to 70 feet deep ; some 
of the deeper ones go down into "marsh-mud," probably fine dark clays 
of the Famnnkey, and obtain little water. A well at the post-ofBce, said 
to be 50 feet deep, though nearly full in wet weather, ia said to go dry in 
droughts; it evidently gets little water except what cornea in near the 
surface. In the neighborhood are several 8-inch wells bored by an earth 
auger and cased with 12-inch tile. One of these owned by J. M. Gill, 
70 feet deep, cost $15 to bore. This well is said to be sunk through 
"marsh-mud" below the surface sands and loam. The depth from which 
the main supply of water comes in wet weather is uncertain. The character 
of the water in 1906 is indicated by the field assay in table 8. 

Data regarding dug wells at a number of places in the county are 
presented in the accompanying table. 



Details of dug « 



1 Charles City County. 





Depth of 


Water bed 


Quality of 
principal 


Binn's Hall 


12-60 

13-30 

35 

30-7fi 

30 

15-1(0 


Sand and marl 

Sand 

Sand 

Marl 

Sand 

Sand and clav 


Hard and soft 






Lent 

Lame 

SturReon Point 


Hard 
8oft 

Soft 
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Conclusions. — Good water can be had by dug, driven, and drilled wella in 
Charles City County. On the low gronnd along Chickahominy Hiver 
where the shallow water is regarded with Buspicion, plentiful supplies can 
be had from F&munkey sands 150 to 300 feet below sea level; along the 
tidal portion of the river, south of Boulevard, basal sands of the Chesa- 
peake group 100 to 150 feet below sea level, may yield small flows at ele- 
vations less than 10 feet. Along James River in the eastern half of the 
county good flows can be had from the Pamunkey, but heads 25 feet above 
river level should not be expected. 

CEESTESFIEU) COUNTY, 

General description. — Chesterfield County, formed from Henrico County 
in 1748, is bounded on the north and east hy James River and on the 
south and west by Appomattox River, but only that part of the county 
east of a line from Richmond to Petersburg lies within the geologic province 
considered in this report. In this part of the county elevations range up 
to 210 feet. James River and Appomattox River have cut gorges nearly 
200 feet deep in what was a gently rolling plain, and tributary creeks have 
V-shaped valleys. Near the rivers the Columbia terraces have been largely 
removed, but remnants of the Sunderland and Wicomico terraces are trace- 
able back .of Manchester and along the road from Manchester to Petersburg, 
The Talbot terrace is nowhere conspicuous. 

A gray granite, in places gneissoid, outcrops about Manchester and 
causes rapids in James River. It also outcrops near Ettricks on Appo- 
mattox River. The sand, sandstone, and cobble beds of the Patuxent 
formation are exposed in places along James River and are conspicuous on 
the north bank of Appomattox River. The dark green glauconitic sands 
of the Nanjemoy formation outcrop at Powhatan and elsewhere on Appo- 
mattox River. The sands and diatomaceous clays of the Calvert overlap 
the Nanjemoy, resting on that formation, the Patnxent, or the granite. 
The yellow, buff, and reddish loams of the Tjafayette and Sunderland 
formations mantle the divides. 

tINDERGRODND WWTIiES 

Occurrence and character. — Ground water, stored in the coarser Iwds 
of the Lafayette and of the various Columbia formations, is the chief 
source of supply. Depths to the water table show the usual variations 
characteristic of the western edge of the Coastal Plain and range from 5 
to 50 feet. The water as a rule contains little mineral matter in solution 
and is clear and soft. 



yGoogIc 



150 TISDERGBODim WATER BBSOUBCEB OP COASTAL PLAIN PBOTINOE. 

Springs. — Chesterfield County contaias many Gprings. Aa faetidione 
people in Richmond desired water of better appearance and greater purity 
than the supplies that were, until the installation of purification plante, 
furnished by the city waterworks, some of the owners of conveniently 
situated springs have sold large quantities locally, and have extended 
hu8ineag to points outside the State. Some of the important springs are 
outside the Coastal Plain area, and flow from crevices in crystalline rocks; 
others, just within it, issue from gravelly beds in the surficial loams of the 
Lafayette or the Sunderland terrace. All the springs of note are mentioned 
here. Five of these springs have been advertised more or less extensively ; 
the waters from several others have been sold or have been used in the 
manufacture of ginger ale and other sweetened beverages. 

Perhaps the longest known of the springs is the Fonticello, situated 
in Swansboro, a suburb of Manchester, on a tract of land that is said to 
have been an Indian camp ground during the time of Powhatan. The 
spring issues from a crevice in the granite-gneiss exposed by a slight 
hollow in the red cobbly Lafayette loam that mantles the high ground 
west of Manchester for an undetermined distance. It fiows from the cleft 
in the rock at the rate (estimated) of 18 to 19 gallons per minute and, 
according to the proprietor, shows no seasonal changes in flow. The water 
is pumped from a cement basin in the stone spring house to the bottling 
room. The overflow from the basin supplies a small pond. The grounds 
about the spring are laid out as a park. Care has been taken to exclude 
surface water by digging a blind ditch around three sides of the spring 
and laying tile drains. The source of the flow is uncertain, but the location 
of the spring, in a hollow on high ground, the temperature of the flow, 
61° F, in October, 1906, the manner of emergence, and the character of 
the water indicate that the source is not deep. The water probably accu- 
mulates in the gravels of the Lafayette on the higher ground to the west 
and fiows by connecting joints in the underlying granite to the outlet. 

Fonticello Lithia water, as the output of the spring is called, is shipped 
in bottles and carboys. It is sold for table use and as a light biearbonated 
alkaline water for disorders of the liver and kidneys. 

The following analysis is recomputed from that given jn circulars sent 
out by the proprietor. 
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Analygis of Foniicello Litkia waier. 
(Henry Proehling, analyst.) 

ParU per 1,000,000 

Total wlidB «. 

Silica (SiO,) 14. 

Iron (Fe) -■ 1.8 

Aliuninnm (Al) 0.07 

Calcium {C&) 2.0 

Magn«Bium (Mg) 0.61 

Sodium (Na) 3.5 

Potaaiium (K) 1.5 

Manganeae (Mn) trace 

Lithium (Li) 0.08 

Arsenic (As) trace 

Bromine (Br) trace 

Bicarbonate radicle (HCO,) 13. 

Sulphate radicle (SO,) 2.6 

Phosphate radicle (PO,) 0.04 

Chlorine (CI) 5.4 

Free carbon dioxide (C c. per liter) 30. 

Xot far from the Fonticello, in Manchester, on a hillside pasture lot 
in the ehallow valley of a small run, is another spring Sowing from a 
cleft in granite. This spring, known aa the Bellfont, has been less adver- 
tised than the Fonticello, and the water ia sold chiefly for table purposes 
in Richmond. 

The water is clear, tasteless, and odorleEs. There were, in 1906, no 
buildings on the slope above the spring for 300 yards or more, and the 
sanitary surroundings were good. The flow, estimated at about 20 gallons 
per minute, is said not to vary during the year. The only improvements 
at the spring at the time it was seen were a cement basin and a small 
frame springhouse. In essential characteristics of origin and emergence, 
this spring resembles the Fonticello, and the water has much the same 
composition. The following analysis was furnished by the former pro- 
prietor, Clarence Vaden, of Manchester. 

Analysis of Bellfont Lithia water. 
(VV. H. Taylor, analyst.) 

Parts per 1,000,000 

Total solids 44. 

Silica (SiO,) 14. 

Iron (Fe) 1.0 

Calcium (Ca) 1.9 

Magnesium (Mg) 0.4 

Sodium (Ka) 3.8 

Potaasinm (K) 2.S 

Lithium (Li) 0.08 

Bicarbonate radicle (HCO.) 6.3 

Sulphate radicle (SO.) 10. 

Chlorine ( CI } 5.8 
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About 1 mile southeast of Swansboro post-oflSce, in a tract of land 
part]j wooded, partly open, is a group of springs from which water has 
been sold Irom time to time. In 1905 the title passed to people who made 
extensive improvements with the apparent intent of having more ornate 
surroundings there than at any spring near Richmond. The spring-house, 
open at the sides, has a concrete floor, the basin is walled with slabs of 
white marble, and a niche of similar slabs surrounded by an ornamental 
iron screen is built above it. These springs, known as the Holly Lithia 
springs, are situated in a slight hollow of the almost level surface of the 
plain. The chief spring is a "boiling spring," the water rising from a 
bed of coarse sand, gravel, and cobbles beneath a few feet of surface soil 
and loam. Dug wells in the vicinity strike granite at from 5 to 30 feet 
below surface- The water is clear, tasteless, and odorless, and contains 
free carbon dioxide, bubbles of which can be seen rising in the basin. 
When the spring was inspected there were no dwellings nor other buildings 
so situated that contamination of the spring water from them was possible. 
The source of the water is evidently shallow, as indicated by the tempera- 
ture, 6214° F-. i° October, 1906. The present volume of flow was deter- 
mined, it is said, by the improvements made; a flow sufficient to iill a 
4-inch pipe was obtainable by lowering the level of the water in the spring 
basin 2 feet. 

The output has been sold for table use almost exclusively. The follow- 
ing analysis, furnished by the manager, J. P. Carson, of Richmond, shows 
a lower mineral content than the Fonticello and Bellfont springs, but the 
same type of mineralization. An analysis made thirteen years before, by 
Chaa. H, Chalkley, agrees closely with the later analysis. 

Analysis of Molly lAthia water. 
(Froehlingft Bobertson, anilvetH.) 

Parts per 1.000.000 

Total Bolids 35 . 4 

Silica (SiO,J 11- 

Iron (Fe) 0.35 

Aluminum {Al) 0.8 

Calcium (Ca) 1.4 

MagneBium < Mg } . 35 

Barium (Ba) O.OOS 

Sodium (Na) 4,6 

Potassium (K) 1. 

Lithium (Li) 0,033 

Bicarbonate radicle (HCO.I 4.8 

Sulphate radicle (SOJ 4.3 

PhoapliaU radicle (PO.) 0.029 

Nitrate radicle (NO.) 2.7 

Iodine 1 1 ) trace 

Chlorine (Ca) 4.4 
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Three miles south of MaDchester, at Swineford Station, on the Atlantic 
Coast Line Hailroad, is the spring formerly known as Swineford'a spring, 
and now called the Lion Lithia Bpring. It is owned by the Virginia Lithia 
Springs Co. It is a boiling spring, the water rising through coarse gravels 
in a terrace slope west of the railroad. The flow, which is said not to 
vary with the seasons, is about 10 gallons per minute. Its temperature 
when measured, October, 2, 1906, was 63° F. The owners do not claim for 
the water, which is clear and bright, without color, taste, or smell, any thera- 
peutic value, but simply state that it is a good table water. Fart of the 
output is sold still in carboys, part is carbonated and sold in bottles, and 
part is used for making ginger ale. The following analysis is recomputed 
from one furnished by the company. 

Analysis of Lion Lithia water. 
(FroehUng & RobertBon, aDalyste.) 

Parts per 1,000,000 

Total Bollds 28.1 

Silica (SiO,) 10. 

Iron (Fe) 0.11 

Manganese (Mn). 0.022 

Aluminum (Al) 0.18 

Calcium (Ca) 1.0 

Magnesium IMg) 0.40 

Lithium (Li) Oil 

Sodium (Na) 3. 

Potassium (K) 1.2 

Bicarbonate radicle (HCO,) 3.9 

Phosphate radicle (PO.) 0.035 

Sulphate radicle (SO.) 4.1 

Arsenate radicle (AsO.) 0.039 

Chlorine (01) 3.6 

Iodine ( I ) trace 

Bromine (Br) trace 

Free carbon dioxide, 54 c c. per liter. 

When the writer saw the spring there were no buildings above it for 
a considerable distance, and the chances of pollution were remote. The 
i^priog house had a tile floor, concrete walls, and an open roof. From the 
basin the water flowed to the bottling house, a two-story frame building 
■ 400 feet distant, which contained carbonators, automatic washing machines, 
etc. 

Four miles west of ilanchester, in a shallow ravine, is a spring with a 
flow of 25 to 30 gallons per minute, known as the Beaufont. It issues 
from a cleft in granite, and is covered by a frame spring house with cement 
floor. The water, which is clear and without taste or odor, had, when the 
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spring was visited on October 2, 1906, a temperature of 57° F. It flowed 
through a tile pipe line to a bottling bouBe by the roadside, 100 yardti or 
more from the spring. Uoet of the output was said to be used in making 
ginger ale. The following analysis, furoiBhed by the proprietor, has been 
recomputed to express resnltg in standard form. 

Analysis of Beaufont Lithia water. 
(Henry Froehling. analrat.) 

Parts per 1,000,000 

Total solids 63 . 

.Silica (SiO,) 16. 

Iron (Fe) 0.25 

Alurainum (Al) 8.4 

Calcium (Ca) 1.4 

Uagnesium (Mg) 1.0 

Sodium (Na) 4.0 

Potassium (K) 2.1 

Manganese ( Mn ) trace 

Lithium (Li) 0.07 

Arsenic ( As ) trace 

Bicarbonate radicle (HCO,) 16. 

Sulphate radicle {SO.) 1.3 

Fhospbate radicle (PO.) 0.04 

Chlorine (CI) ...: S.2 

Iodine (I) 0.06 

Bromine (Br) trace 

Free carbon dioxide ( CO,) 37 e. c per liter 

In 1906 the land about the spring was largely wood-covered ; there were 
no dwellings near, and pollution was improbable. 

Situated at Buckhead Springs Station, on the Seaboard Air Line Rail- 
road, about y^ mile east of Centralis, at the head of ft run that empties into 
Proctor Creek, are the Buckhead springs, a group of three, with a total 
flow of about 8^^ gallons per minute. The water, which comes from 
sandy beds in the Sunderland formation, is bright and sparkling, without 
taste or odor. The flow is said not to vary in volume or temperature through- 
out the year. The proprietor has taken strict precautions to insure the 
sanitary excellence of the spring surroundings. The residences and farm 
buildings on a small area of level ground, a remnant of a high Columbia 
terrace, are about 300 yards from the springs. Concrete walls and tile 
drains about the springs prevent tbe entrance of surface water. The 
water flows from the concrete basin at the spring-house through an enamel 
pipe to an enamel filling basin in tha bottling house, a frame building, 
60 by 20 feet, near the railroad track, wliere it is at once securely sealed. 
The output has a wide sale a^ a table and as a medicinal water. It con- 
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tains free carbon dioxide, hence ia light and pleasant. The following 
analyais, recomputed from one furnished by the proprietor, Thos, S. 
Wheelwright, of Centrslia, shows a low mineral content. 

Analysis of Buckhead Chloride Lithia water. 
(Froehling Jt Robertson, analyats.) 

P«rt8 pet 1.000,000 

Total solids 43. 

Silica (SiC^) 7.4 

Iron (Fe) 0.1 

Aluminum (Al> 0.53 

Calcium (Cft) 1.4 

Magnesium (Mg) 2.5 

Sodium (N») 3.6 

PotMsium (K) 2.3 

Lithium (Li) O.OOl 

Manganese (Mn) 0.008 

Barium |Ba) 0.02 

Arsenic (As) taint trace 

Bicarbonate radicle (HCO.) 8.1 

Sulphate radicle (SO.) 0.72 

Nitrate radicle (NO.) 8.80 

Phosphate radicle (PO,) 0.009 

Chlorine (CI) 11. 

Free carbon dioxide (COf), 16 c. c. per liter. 

About 5 miles south of Manchester, near Temple's statwn, is the Camp- 
field spring or well. It is situated in a hollow. The water flows from a 
bed of gravel covered by sand and loam. The water is shipped to Bich- 
mond, Norfolk, and other points, and is sold for table and medicinal use. 

The following analysis is recomputed from that supplied by the 
company owning the spring. 

Analysis of Campfield lAthia water. 
(N, B, Tucker, analyst.) 

Parts per 1,000,000 

Total solids 28. 

Silica (SiO,) 5.3 

Iron (Fe) 0.3 

Aluminum (Al) 0.11 

Manganese (Mn) trace 

Calcium ( Ca ) 0,8 

Magnesium (Mg) 0.0 

Barium (Ba) trace 

Sodium (Na) 3,2 

Potassium ( K ) 1.9 

Lithium (li) 0.05 

Arsenic (As) trace 

Bicarbonate radicle (HCO.) 8.0 
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Analysis of Campfield Lithia water — {Continued). 

ParU p«r 1,000,000 

Sulphate radicle (80.) 2.4 

Phoephate nidicle (PO.) 0.03 

Chlorine (CT) 6.2 

Bromine ( Br) trace 

Iodine (I) trace 

Free ammonia 0,002 

Albuminoid ammonia 0.009 

Nitrogen as nitrates 0.0 

Nitrogen ae nitriteB trace ( I) 

Free carbon dioxide gaa. 27 c. c. per liter. 

Besides these springs several others in eastern Chesterfield County are 
or have been of commercial importance, including the Urquhart Lithia 
spring, 4 miles from Richmond, and the Boclcj Eun south of Wiseville. 
A partial analysis of the water from the latter, furnished by the proprietor, 
David Adkin, is appended in recalculated form. 

Partial analysis of Rocky Run Lithia rvaier. 
(Aualj'st unknown.) 

Parts per 1,000,000 

Calcium (Ca) 40. 

Magnesium (Mg) 0.46 

Sodium (Na) 1.1 

Potassium (K) 1.6 

Iron (Fe) 1.1 

Lithium (Li) 0,07 

CarbonaU radicle (CO,) 1,2 

Sulphate radicle (60.) 6.3 

In the southern part of Chesterfield County are several springs from 
which water is or has been sold in Petersburg. One of these, the Patrol 
Oaks Mineral spring, three-quarters of a mile northeast of Ettricks, is a 
well rather than a spring. The water is clear, tasteless, and odorless; the 
flow is about 6 gallons per minute. 

Another spring just north of the Powhatan highway bridge across 
Appomattox River is owned by a company and was once an important 
source of drinking water in the city of Petersburg. It is known as the 
Aqueduct spring. The water is still sold in the city, being delivered to 
houses at a nominal charge, and is the chief drinking water in Powhatan, 

There are several springs along the valley side near Powhatan, some 
of the water coming from the Pamunkey (the contact of the basal pebble 
bed of this formation with dark clays of the Potomac being expoi^ed just 
Iwlow the springs), and some of the water coming from under the Columbia 
loam which hide,* the older formations. The water is tasteless and odor- 
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less, clear and soft, and the dope above the spricgB has been go sparsely 
inhabited that the possible contamination of the sources has not called 
for investigation. 

Wells. — Dug wells are almost the sole source of underground water 
for domestic supply. There are few drilled wells. The large manufactur- 
ing concerns and the railroad yards in Manchester either use city water 
or pump their own supplies from James Biver. 

LOCAL SUPPLIES 

Manchester, now a part of Richmond, owned its waterworks in 1906 
and distributed filtered James Biver water. In the outskirte of the city, 
particularly to the west, are many shallow dug wells. The suburb of 
Swansboro, for instance, with a population of several thousand people, had 
no public supply system in 1906, The wells were dug through Lafayette 
cobble loams and decomposed granite, some obtaining water from the 
Lafayette and some from the granite. In places where firm granite comes 
near the surface more or lees blasting hae been done, usually with indifferent 
success. Where the cover of loam is thin, dug wells in such a thickly settled 
area are particularly liable to pollution; where 25 feet of loam, sand, and 
rotten granite are found above water, there is less danger; but wells 
should not under any circumstances be located within 75 feet of cesspoolF, 
privies, and other sources of contamination, and should be properly pro- 
tected. In Manchester the local authorities have been closing dug wells 
as city service is extended. 

' At Bermuda Hundred on the bank of James River dug wells average 
15 feet deep; the supply is not considered as satisfactory as that from 
springs, of which there are several along the foot of the low bluff facing 
the river. One of these, on property of the Farmville & Powhatan Railroad, 
has a bold Sow of soft water, sufficient for the needs of several families. 

At Centralia dug wells go down 18 to 30 feet, and obtain soft water 
from Columbia sands and clays. 

There are in Chester about 50 dug wells 25 to 40 feet deep which get 
water from Columbia sands. Neither at Centralia nor Chester do wells go 
to hard rock. 

At Ettricks, just across Appomattox River from Petersburg, dug wells 
are 12 to 45 feet deep, averaging 20 feet. They are not sunk to rock, but 
get water of varying quality, mostly soft, from beds in the Columbia. 

Dug wells in Powhatan are sunk in Potomac and Columbia sands and 
gravels. They are about 30 feet deep, and some yield water of 
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suspicious quality. Much of the drinking water used is taken from the 
Aqueduct Spring, previoualv mentioned. 

Conclusions. — Satisfactory supplies for Isolated residences and farm 
buildings can be had from dug wells. In thickly settled areas water much 
less liable to pollution can be had from drilled wells. Owing to the dis- 
section of the Coastal Plain formations by the gorge of James Kiver, flow- 
ing wells are not to be expected. 

DillWlDSIE COUJITy. 

General description. — Dinwiddle County, formed in 1752 from Prince 
George County, lies between Appomattox Rirer and Nottoway River. Only 
a narrow strip along the east line of the county, which contains the city of 
Petersburg, is included in the Coastal Plain. 

Most of this area has an elevation of more than IfiO feet, and is included 
within the Lafayette and Sunderland terraces. Small patches of the 
Wicomico and lower terraces are found along Appomattox Biver near 
Petersburg. From an elevation of nearly 300 feet within a few miles of 
Petersburg there is an abrupt descent north to Lieutenant Han and 
Appomattox River, and a gentle slope southeastward. The southward- 
flowing streams which head in the divide, tributaries of Blackwater River, 
flow through swampy valleys. 

Geology. — Crystalline rocks underlie the Coastal Plain section of th'j 
county at no great depth, Potomac, Pamnnkey, and Chesapeake beds are 
all exposed in the immediate vicinity of Petersburg, but elsewhere are 
usually hidden by the Lafayette or the Columbia formations. The three, 
however, may be seen along Livetenant Run. Potomac arkosic sands and 
cobble beds are exposed near the mouth of the run at the crossing of the 
Norfolk & Western Railroad; Pamunkey greensands are visible at the east 
end of the dam at the city pumping station; and light-colored diatomaceous 
clays and dark greenish sandy clays of the Chesapeake, full of clam and 
Kiallop shells, are to be seen along the run and in its bed as far west as the 
Seaboard Air Line Railroad. Both the Potomac and Pamunkey are barely 
thicker than feather edges near Petersburg. The Chesapeake overlaps them 
and may have an extreme thickness of more than 100 feet at the eastern end 
of the county, 

UXDERRBOUND WATERS. 

Occurrence and character. — All the Coastal Plain formations carry 
ground water, but the depths to the water table and the character of the 
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water vary greatly. The chief sources of supply are the Lafayette and 
Strnderland formations, though a considerable nnmber of veils are snnlc in 
the Talbot and Patuxent sands and gravels near Appomattox River. 

Sprmga. — There are numerotu springs along hillsides and stream 
valleys, but they are usually small and of little importance, except for 
watering stock. No mineral springs from which water is shipped on n 
commercial scale are reported. 

Wells. — Dug wells are the principal source of supply. Throughout the 
rural districts wood curbing ia commonly used, but near Petersburg many 
dug wells are curbed with brick or stone. There are verj' few deep drilled 
wells in the Coastal Plain portion of the county. 

LOCAL SUPPLIES. 

The public supply system of the city of Petersburg gets water from 
Livetenant Bun. There are, in the outskirts of the city, many shallou' 
dug wells that vary greatly in depth and in probable freedom from pollu- 
tion. Some dug wells in the city are used for boiler supply and other in- 
dustrial purposes. 

The only deep wella reported are those of J. B. Worth & Co., near the 
river. They are 100 and 150 feet deep, respectively, and yield under a 
pump 50 gallons of water per minute, which is used for condensing because 
of its temperature, 59° F. 

Near Rowanta wells are 20 to 60 feet deep, most of them being about 
25 feet. The deeper wells in this part of the county go through the Sunder- 
land formation and get water, which is apt to be hard, from shell marl 
beds in the Chesapeake, 

Conclimons. — In the rural districts dug wells not near sources of pollu- 
tion, if properly protected against the entrance of surface impurities, will 
yield satisfactory supplies- In the city of Petersburg and its more thickly 
settled suburbs drilled wells are preferable for sanitary reasons. Flowing 
wells are not to be expected anywhere in the county. 

ELIZABETH CITT COUHTT. 

Oeneral description. — Elizabeth City County, formed in 1634 as one of 
the eight original shires of the Virginia colony, covers the tip of the 
peninsula, the strip of land between James and York rivers. The countj- 
contains the towns of Hampton and Phcebus, and the military post of 
Fort Monroe, near. Old Point Comfort. At Old Point Comfort is the 
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Chamberlain Hotel, a famouB health and pleaBure reBort; ne&r Phcebus is 
a National Soldiers' Home; and at Hampton ig the Hampton Normal and 
Agricultural Institute. 

The county has a flat ill-drained surface, most of it being within tho 
area covered by the lowest of the Columbia terraces, the Talbot, Eleva- 
tions of about 30 feet are found in the low terrace along the Warwick 
County line. This plain grades very gently east to the salt marshes and 
mud flats of the shores. 

Oeology. — The yellow, buff, and gray loams and sands of the Talbot 
cover practically the entire surface of the county. The maximum thick- 
ness of the Talbot on the east side of the county is uncertain, but may 
amount to 50 feet. Below the Columbia lie Chesapeake, Pamunkey, Upper 
Cretaceous, ajid Potomac beds. The base of the Chesapeake beds on the 
east side of the county is about 600 feet below sea level. Beneath are about 
150 feet of Pamunkey, 500 feet of Upper Cretaceous, and 900 feet of 
Potomac beds, the crystalline rocks lying perhaps 2,2S0 feet below sea level. 

UHDBROROOND WATBB8. 

DiatriAution and quality. — The water table lies near the surface, and 
dug and driven wells get water at from 5 to 16 feet. The quality of the 
ground water is variable. Along the shores wells are liable to become salty 
under heavy pumping, and where the surface loams and sands are thin, 
wells go down into shell beds which yield hard water. The Chesapeake 
sands are uncertain water-bearera. The sands are local and seldom yield 
free flows. The water is iron-bearing in the upper beds and brackish in 
the deeper ones. 

Springs.- — There are no springs of commercial importance in the county. 
Most of the so-called springs are very shallow wells, dug in hollows where 
the water table is but a foot or two below the surface; many used for stock 
and household purposes have unsanitary surroundings and are liable to be 
badly polluted. 

Wells. — Dug wells are mostly used, but there are many driven wells in 
the county. The deep drilled wells have been mentioned in the discussion 
of the Sorfolk-Newport News area on pages 97-116. 

LOCAL SCPPL1B8, 

Hampton obtains water from the Newport News Light & Water Co.j a 
corporation that supplies surface water from a watershed in Warwick and 
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York counties to Newport News, Phoebus, the National Soldiers' Home, 
Hampton Normal and Collegiate Inatitute, and Fort Monroe. Within the 
corporate limits of Hampton are perhaps 3,000 persons, of whom fully one- 
half used this water in 1906. Another company, the Peninsula Pure 
Water Co., proposed to supply Hampton, PhtebuB, Old Point Comfort, and 
the lower part of the county generally. The water was to come from ponds 
near Bethel, 9 miles from Hampton. 

In the suburbs of Hampton about nine-tenths of the population use 
driven wells which get water at 10 to 12 feet in blue and white sands and 
marls. Much of the well water in Hampton is too hard for laundry use, 
while that near the shore is brackish; hence there are many cisterns. Near 
the Courthouse a well, elevation about 5 feet above mean high tide, dug for 
fire protection, is 85 feet in diameter and 22 feet deep; it passed through 
marl for 16 feet. It is now used for watering horses. 

In the suburbs of Hampton some dug wells were still used as a source 
of drinking water in 1906, but their use was condemned by local health 
officials. 

At Hampton Normal and Collegiate Institute most of the water used 
is supplied by the Newport News Co. There are several dug wells 10 to 15 
feet deep, cased with 16-inch tile. The elevation of the Institute grounds, 
which border a tidal inlet, does not average over 6 feet; hence the well 
water lias a high chlonne content. It is examined frequently for indica- 
tion of possible contamination. The following determinations, made by 
W. S. Sweetser of the Institute, show the character of water from the better 
wells near the shores of lower Elizabeth City County. 

Analyses of water from wells on grounds of Hampton Nomtal and 
Agricultural Institute. 
(W. S. Sweetser, analfHt.) 



Location ol vrel) 



Machine sliop . . . 

Hospital 

Trade seliool 

Whittier School . 



Parts per l.OOO.IWO 



Chlorine \ Total solids 
SB. 4 2fi5:0 

49.3 I 373.0 

23.8 i 401. 0<i 

24.7 I 



A well just outside the Institute grounds, close to the shore, gave water 
whicJi contained 111 parts of chlorine per 1,000,000, but this water was 
pronounced dangerous. 



oHigh in nitrates; not UKd. 
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A 12-foot well dug on the Hemenway fanu 6 mileB from Hampton on 
Back River obtains water from a marl bed. The well is about 500 feet 
from Bait water; the elevation is 6 feet, and depth to water 3 to 6 feet. The 
following partial analysis was made by the chemical laboratory of the 
Institute. 

Analysis of water from well on Hemenway farm. 
(W. S. Sweetser, uutlfat.) 

Parts per 1,000,000 

Catdum ( Ca t Iftfi . 

Magneaium (Mg) 16.5 

Sulphatea as SO. 32. 

ToUl hardneu, aa CaCO, 38 , 4 

Chlorine ." 113. 

The Soldiers' Home, officially designated the Southern Branch of the 
National Home for Disabled Volunteer Soldiers, is just outside the 
municipat limits of Phcebns. Over mne-teuths of the water used is ob- 
tained from the Newport News Co. A few driven wells about the grounds 
furnish drinking water. Cistern water is used for flushing, and salt water 
for flushing and for Are protection. 

In Phcebns there are many driven welU 13 to 15 feet deep which get 
water in Columbia gravels, under quicksand and yellow loam. The water 
is generally hard, but is used for all household purposes. In 1906 probably 
three-fourths of the population used such wells, the remainder taking 
Newport News water. 

The Hotel Chamberlain uses some 60,000 gallons of water daily, about 
half of which is furnished by the Newport News Co., and half obtained 
from two dug wells 10 feet in diameter and 14 feet deep just outside the 
municipal limita of Phcebus on the Soldiers' Home grounds. The eleva- 
tion of the surface at the wells is 8 feet above mean high tide. The wells 
are bricked, and the water rises from sands of the Talbot formation, normal 
water level being about that of mean high tide. Either well can be pumped 
dry in two hours by a 4 by 6 inch duplex steam pump running 60 strokes 
per minute, and to get the most water the wells are pumped together about 
8 hours out of the 24. The wells were dug for the old Hygeia Hotel, which 
had to get water by boat from Norfolk. The well water, though slightly 
hard, is used as it comes from the well for all purposes cccept drinking; 
for drinking it is distilled. The flow from the deep artesian well at the 
hotel (see page 105) is used for flushing only. 

At Fort Monroe three attempts to get good water by deep drilling ended 
with the well sunk to granite in 1902 (see page 100). About 1894 the 
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Government drove a series of wells on the mainland from which water was 
pumped to the fort by a pipe under the creek. The supply was satisfactory 
for a while, but other wells were driven nearby the city of Phoebus, and 
under heavy pumping the wells all became salty and were abandoned- In 
1906, the post used for all purposes about 300,000 gallons of fresh water 
daily, supplied by tlie Newport News Co. Salt water is used for fire 
protection. 

Conclusions. — Dug wells in places where the water table lies as near 
the surface as in Hampton County are peculiarly liable to be polluted, 
and their use on landholdings as small as the average house lot is altogether 
objectionable. Driven wells that go at least 10 feet below the water table 
are much to be preferred. The prospects for getting water of good quality 
by deep drilled wells in the eastern part of the county are decidedly un- 
favorable. 

ESSEX GOTniTY. 

General description. — Essex County, formed in 1692 from Rappa- 
hannock County, lies on the south side of Bappahannock Biver, in the 
western part of the Coastal Plain. 

Topographically the county resembles many other counties of the 
Coastal Plain. A high terrace, the Sunderland, with a slightly rolling sur- 
face, forms the divide between Rappahannock and Mattaponi nvers. Near 
Rappahannock River this terrace is deeply cut by creek valleys. Where the 
Wicomico terrace is missing bold headlands of the Sunderland overlook the 
river, and are noticeable features of the topography. The height of the 
Sunderland plain at the northwest end of the county is about 180 feet; at 
the southeast end about 150 feet. 

Underlying the loams and gravelly beds of the Columbia terraces, the 
sandy and diatomaceous clays, clayey sands, and shell beds of the Chesa- 
peake group can be seen in many road cuts. The basal part of the Chesa- 
peake carries many indurated layers from a few inches to a few feet thick 
that are a source of trouble to well drillers. The dark greeneand marls of 
the Pamunkey underlie the Chesapeake, but are not exposed at the surface 
anywhere in the county. The top of the Pamunkey is near s3a level at the 
west end of the county, and 300 feet below at the east end. 

UNDBROHOUND WATERS. 

Character and extent. — The chief sources of ground water are the sands 
of the Sunderland and Talbot terraces. Wells in headlands of the Sunder- 
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land formation, near Caret, Upper Hotint Landing, and DnnnBTille, are 
50 to 60 feet deep, while back from the valley front and away from stream 
gulleys, aa at Center Cross, are wells 15 feet deep or even less. On the low 
terraces along Bappahannock River dag wells are 10 to 85 feet deep, and in 
the lowlands at the head of Fianketank Biver are even shallower. The 
quality of the well waters varies greatly. The waters from the Columbia 
formations are generally soft and low in iron, but wells that atrike the 
Chesapeake shell marls, either near surface or beneath the Columbia, get 
hard water. 

Springs. — Springs are abundant, but only a small proportion are used 
for household supply, and none is of commercial importance. Fractically 
aU the springs are of the usual Coastal Plain type and most of them flow 
from the contact between the Chesapeake sandy clays and the clean, sharp 
sands of the Columbia formations. 

None of the springs is now of commercial importance, though two 
have attracted attention. One of these, near Dunbrooke, is situated in a 
little hollow. Iron crusts lie about the spring and the water rises from a 
bed of sand in the Sunderland formation. The water is perfectly clear 
when fresh, but contains iron enough to leave a. slightly yellow deposit 
about the spring. It has some local repute for medicinal value, but lack of 
convenient transportation facilities has retarded efforts to put it on the 
market. 

Two springs, one of which was formerly a resort, are on land near 
Meade, owned by Charles C. Tombs, and now used as a camp-meeting 
ground. One is called a sulphur, the other a lithia spring, but both are of 
the same type and the waters are much alike. Meade camp-meeting ground 
is on the Sunderland plain in a grove of young hardwood. Spring-fed 
tributaries of a creek are eating into the plain, and just south of the 
camp-meeting grounds one of these has made a gulley some 40 feet deep. 
At the head of the gulley is the so-called lithia spring. It trickles from 
between dark greenish Chesapeake clay and overlying gray sands and iron 
crusts at the base of the Sunderland formation. The flow is not large, 
possibly two gallons per minute. In 1906, a shallow basin, 5 feet long, 
with wood sides, was the only improvement at the spring. The water is 
soft, contains a little iron, and is clear and odorless, with a very slight "iron" 
taste. The thickness of the overlying loams, the excellent surface drainage, 
the short time the grounds are frequented, and the sanitary precautions 
taken should keep the spring from becoming polluted. 

The other spring, situated at the foot of a slope on the west side of the 
camp-meeting grounds, is now known as the iron spring but was called a 
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suJphnr spring. It flows from sands beneath a ledge of iroD-stone near the 
base of the Sunderland fonnation. The water is perfectly clear and color- 
less in the basin, but contains a little iron, as is shown by yellow stains on 
the wood trough. It is eaid to have had a decided "eulphnr odor," bnt this 
is now barely perceptible. Siity years or more ago this spring was made a 
resort, and a hotel erected. The improvements have disappeared, and, 
though the water has a considerable r^ntation as a remedy for various 
complaints, it is not sold, though more or less is taken away by visitors. 
Field assays of the water of the two springs are given in table 6. 

Other springs of note from their size, quality of water, or improve- 
ments, are owned by Armistead Bansome, of DunoBville; J. H. Allen, of 
Layton; and Clayton Stafford, of Bowler's Wharf. Mr. Ransome's spring 
is said to flow 30 gallons per minute of soft water. The water from Mr. 
Allen's spring was once shipped to Washington, D. C, for use by a druggist. 
Mr. Stafford's spring flows 8 gallons per minute of clear water from the 
base of the Sunderland scarp. It is equipped with a hydraulic ram for 
household supply. 

Wells. — Dug wells are the chief source of supply. In the Sunderland 
formiition they are usually curbed with wood for 16 feet at the bottom ; in 
the Talbot they are often curbed to the top. 

Wells drilled deep enough to reach the water-bearing sands inter- 
stratifled with rocky layers at the base of the Chesapeake are numerous 
along the Bappahannock River, there being fully 30 in the town of Tappa- 
hannock alone. They are mostly bored to get flows sufficient for domestic 
use, hence are of small diameter, usually 1^ inches. The reported depths 
vary from 250 to 870 feet below mean high tide ; the reported heads vary 
from 10 to 30 feet above it. 

LOCAL SUPPLIES. 

At Tappahannock many dug wells get bard water at IZ to 16 feet. 
Nearly all the water now used for domestic purposes is obtained from flow- 
ing wells that strike sands underlying "rocks" at the base of the Calvert 
formation at a depth of 270 feet below mean high tide. The wells are 
mostly 1^ inches in diameter with a 3-inch casing driven through the 
Columbia sands and loams into the Chesapeake clays; the later wells fre- 
quently have a %-inch pipe to the bottom. The elevation of the terrace on 
which the town stands is 28 feet, but the flows, which vary with the tide, 
are usually small, from 1 to 2 gallons per minute. At no place in Tide- 
water Virginia, however, is there more economy in the use of water. Some 
wells supply two and even three houses, the water being piped in some 
instances several hundred feet, either directly from the well or from a tank 
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at the well. There is no public supply system, but, as a safeguard in case of 
fire, a number of masonry tanks have been constructed by the town which 
are kept full by the overflow of certain wells. 

The water is clear, and, though containing more lime than some Chesa- 
peake flows, it is soft, adapted to all household purposes, and an admirable 
table water; a slight "sulphur" odor quickly disappears when the water 
stands in an open vessel. The temperature at the well mouth averages 
61° F. A canning factory and a large pickling house use the water. 

There are about 30 wells in or near the town, and, according to the 
driller who has sunk most of them, the succession of materials is as follows: 

Generalized section at Tappahannock. 
(Authority, O. D. Hale, driller.) 



Material 


ThiokneBS 


Depth 




65 

136 
93 

1 




Blue da; with rock Inyere ^ inch to 6 inches thick; & little 








Thin oruat of shell rock; variegated sand below; water-bearing 


?74 



A noteworthy feature of the Tappahannock wells is the cypress "logs" 
which drillers report at about 60 feet; some of them, said to be several feet 
thick, cause much trouble in drilling. 

Of the individual wells, the one at the pickle liouse of Donaldson & 
Shultz has the freest flow; it is on the river edge, and the mouth of the 
welt is only 4 feet above tide. The flow in 1906 was 5% gallons per minute, 
but is said to have been 12 gallons. Another good well is at the residence 
of B. P. Brockenborough on the edge of the terrace overlooking the river. It 
is cased with 2-inch pipe to the bottom, 272 feet, and has a 3-inch casing 
down 150 feet. The water, which is said to rise 16 feet above surface and 
more than 30 feet above mean high tide, is piped to the residence. 

The following partial analysis of water from the well of R. T. Cauthorn 
ehowB how free from organic matter is the water from the principal water 
bed. Field assays of water from wells at Tappahannock and other places 
are given in table 9. 

Partial analysis of water from well of R. T. Cauthorn, Tappahannock. 
{G. H. Lehmann, analj'st,) 

Parts per 1,000,000 

Total solids 494. 

Volatile matter 48 . 

Chlorine 1.95 
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Partial analyaia of water from well of R. T. Cauthom, Tappahannock — 
(Continued) . 

PftrtB p«r 1.000,000 

Nitrogen, as free ammonia 

Nitrogen, as albuminoid ammonia 

Nitrogen, as nitrates 

Nitrogen, as nitrites 

Sulphates, as SO. 34. 

HanlneaB "' 



JnBt north of TappahaDnock, E. B. Brockenborough has four artesian 
wells at his large stock farm. One of these, at the manager's home, is used 
foi domratic purposes ; the other three, at bams and outbuildings, are for 
watering stock. In volume of flow and quality of water the wells. resemble 
those in the village of Tappahannock. Up the river there are wells at the 
farms of J. P. Taliaferro and C. B. Mallory, southeast of Caret, and still 
farther upstream are those of Joseph Baker, J. H. C. Beverly, Mrs. M. S. 
Sale, and H. K. Baylor, all of which tap the same water bed. 

West and south of Tappahannock artesian wells on Eoskins and 
Piscataquis creeks and along the Rappahannock include those of John 
Bradley, G. P. Croxton, and J, L. Kriete, 

The first important group of wells down the river is at Ware's Wharf, 
where there are 5 which, though shallower than those at Tappahannock, 
going to an average depth of 185 feet below sea level, yield water of the 
same general character. The fiowe at individual wells vary with the tide, 
but range from ^ to 3 gallons per minute, with heads as high as 16 feet 
above sea level. The following record of one well waa given from memory. 

Record of well of R. L. Ware estate. Ware's Wharf. 
(Authority, E. L. Ware.) 





MaUrial 


'Thickness 
; (FMt) 


Depth 

fFe^> 


Surface soil. 


clay and sand 


30 


30 


Rocks .... 




36 


205 



Another important group of wells is at Bowler's Wharf, 3 miles below 
Ware's Wharf. Here 10 wells get water from varying depths, the main 
flows being at about 165 to 180 feet below mean high tide. The water- 
bearing sand contains many rocky streaks, and the fows of nearby wells 
differ, the distribution of these impervious layers being a determining 
factor. Above the main flow is a weak one at about 130 feet, and below the 
main flow is another at about 340 feet. The record of the well drilled at 
the fiteamboat wharf ran about as follows : 
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Record of well of Oarrett £ Hunt, Bowlers Wharf. 
(Authority, I. W. Hunt, owner.) 

Material 1 Thickness Depth 

"'**™' , (Feet) (Fett) 

Watfr i 10 10 

Sand and gravel i 15 25 

Blue clay with ahelle t 123 148 

Sand I I 149 

Strata of rock 1 to 9 inches thick and inches to 4 feet apart; i 
blue tnud and shells, gray and red sand, and gravel between 

rocks; increased flow with each tand bed penetrated j 18 167 

This well, situated at an oyster honee on the end of the wharf, flowe a 
full 3-iuch stream, 30 gallons per minute, at an elevation of about 5 feet 
above mean high tide and haa a head of over 15 feet. It is one of the finest 
wells on Rappahannock River. In 1906, the flow was used as a table water 
on the steamhoats plying between Fredericksburg and Baltimore, and for 
waahing oysters. 

Another fine well, at the canning factory of the Claybrook & Xeale 
Packing Co., has a larger flow than that of Oarrett & Hunt, namely, 45 to 
50 gallons per minute at 5 feet elevation. Another well, with a flow of 17 
gallons per minute at an elevation of 10 feet, is used by C. P. Garrett. 

On the river shore 3 miles south of Bowler's Wharf, two wells have been 
drilled near a canning factory owned by Latimer Kriete to depths of 190 
and 195 feet, respectively, and reach the same horizon as the wells at the 
wharf. One of the wells has a head of 30 feet above mean high tide, and 
flows 32 gallons at an elevation of 4 feet; the flow of the other was reduced 
by an accident in drilling. In a boiler the water has a tendency to foam 
and is said to form a white scale. 

Just below Mr. Eriete's house, which stands on a projecting headland 
of the Sunderland terrace, a well was drilled to a depth of 300 feet, but, as 
the surface elevation is fully G5 feet, no flow was obtained. 

Near Jones Point, 7 miles below Bowler's Wharf, are several flowing 
wells. One of these, ovraed by Garrett & Taylor, is H4 inches in 
diameter and SSI feet deep. It flows 30 gallons per minute at 5 feet above 
mean high tide. The following record is reported: 
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Record of well of Oarrett & Taylor on Jones Point, northwest of Buiylo. 
{Authority, I. W. Hunt, driller.) 



^^laterial 


ThickaesB 

(FettJ 


Depth 

(Fe^t) 




15 

3 

lOT 

106 












A)t«nuiting layers of sand and rock; EE ro<*B in 


all 


flrst 









Of the villages in the country using dug wells as sources of supply, 
Center Cross is one of the most important. The vella are sunk in the 
Sunderland formation to depths of 15 to 35 feet, and as a rule yield sof* 
water. Information regarding dug wells at various places in the county is 
given in the following table ; 

Details of dag wells in Essex County. 



Location 


Depth of 
well 

(Feet) 


Water bed 


Quality of 
water 




20-60 
32-80 

26-48 
12-60 






















Soft 



Hotrertons 

LloydB .."!.'.'!!;! 

Loretto 

Mount Landing 

Meade 

Pedro 



12-30 
16-30 
26-30 
IB-BO 
10-60 
20-60 
20-SO 



Conclusions. —'Dvig wells on high ground, if precautions are taken in 
locating and protecting them against the entrance of surface impuritiea, 
will yield satisfactory supplies. On the low terrace along Rappahannock 
River and its tributaries, flows of excellent water for domestic use- can be 
had at comparatively low cost. There is a possibility of getting flows along 
Pianketank Biver, but the chances for flows at over 30 feet above sea level 
are poor. Flows of good quality and of equal or larger volume can un- 
doubtedly be had from sands below those already developed. 

FAIBFAX COUMTT. 
General description. — Fairfax County, formed in 1742 from Prince 
William County, is in the northern part of the State, and is bounded on 
the east by Potomac River. The Coastal Plain portion along Potomac 
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River is about 16 miles long, but nowhere more than 6 miles wide. In it 
is Mount Vernon, the residence of General Washington. 

The topography is rolling and broken as a whole. Along Potomac 
Biver are some nearly level stretches on low terraces, with elevations of 
20 to 60 feet. Along the deeply scored aides of the Potomac valley, 
at higher elevations, are remnants of older terraces. An inlier of the 
Lafayette formation covers a considerable area north of Weddeburn and 
Dunn Loring, and caps the highest point in the county. Peach Grove Hill, 
at an elevation of 500 feet. The principal creeks in the Coastal Plain sec- 
tion of the county, Cameron Hun, Accotink Creek, and Pohick Creek, are 
8 to 15 miles long. 

Back from the river the crystalline rocks are exposed in creek beds and 
on the valley slopes above. Near the river the sands, gravel beds, and clays 
of the Potomac group outcrop. The contact between the crystalline bed rock 
and the Potomac dips east fully 40 feet to the mile, so that at Mount 
Vernon the Potomac has a thickness of 526 feet. The Patuxent formation 
with its characteristic arkosic sands and dark clays includes fully HSO feet 
of Ihe total thickness of the Potomac. 

The maximum thickness of the Lafayette formation on the inlier north 
of Dunn Loring may be 40 feet. The Columbia formations vary in thick- 
ness from a thin edge to more than .15 feet, 

UNDKItGROU.Vn W.ATKRS. 

Occurrence and character. — The decayed top of the crystalline rocks 
and the Potomac, Lafayette, and Columbia beds above contain ground 
water. The depth to water and the quality of the supplies vary greatly 
with the location of the wells and the character of the formations pene- 
trated. One well may find plenty of water in Columbia gravel within a 
few feet of the surface, while another on a nearby slope, where the Columbia 
beds have been removed, may have to go deep into the Potomac beds or the 
granite to get a sufficient supply. 

As in other counties along the "fall line," the water from the Lafayettu 
and the higher-lying formations of the Columbia group is generally soft 
and slightly mineralized. On the lowest of the Columbia terraces the 
ground water in some places contains much iron; in others, it is excellent. 
The Potomse sands contain much water, but the sands that yield water 
freely are of irregular extent and the quality of the water varies. On high 
ground the crystalline rocks as a rule carrj- good water. 
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Springs. — Springs are nmneronB, but most of them are of small flow; 
only a few are of fair size. The waters are usnally soft and pure and are 
often need for household purposes. From a few springs water has been 
shipped, bnt none is now of commercial importance. 

Wells. — Dug wells, the main source of domestic snpply, are frequently 
lined with stone and brick. Some are cased with large tile. Depths to 
water and the yield vary widely. Many wells are so situated and protected 
that there is little chance of pollution ; others, particularly some on level 
stretches of the lowest terrace, have insanitary surroundings. Nearly all 
the drilled wells are 6 inches in diameter. Those on the lowest terrace get 
water from sands in the Patapsco or Patuxent formations of the Potomac 
group. Those on the high ground go into decayed or solid granite or 
gneiss. On the high ground no wells over 200 feet deep have been reported, 
but there are several of greater depth near Potomac Eiver. The yield of 
the deep wells on high ground is seldom large, but nearly always sufficient 
for domestic purposes. Of the wells sunk on low gronnd to the Patuxent 
sands some yield large supplies, others only enough for the needs of a 
household of average size. 

LOCAL SUPPLIES. 

At the military post of Fort Hunt on Potomac River, 8 miles below 
Alexandria, all the water used is obtained from an 8-inch well sunk to a 
13-foot bed of white sand in the Potomac group, 202 to 215 feet below the 
level of the terrace. The following record was obtained by Barton : 

Record of well at Fort Hunt. 
(Authority. W. C. Miller, driller.) 



Material 



Yellow clay 

Blue clay 

Heavy eand and gravel, with little water 

Red, blue, and yellow clnya; atreak of sandy blue clay witlj 

a little water at 122 feet 

Red and blue clay 

Coarse white sand with large supply of good water rising 

within 17 feet of surface 

Pumping 53 gallons per minute lowers the water 15 feet. The water is 
pumped by an air lift to a cistern and is forced thence by a steam pump 
to a tank on a steel tower. The water is colorless, tasteless, and odorless. 
According to W. Sew, of the U. S. Surgeon-General's Office, the mineral 
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matter is chiefly Bodium sulphate with traces of calcium, magnesium, and 
iron Baits. A partial analysis showed 342 parts of total solids and 5.14 
parts of chlorine per million of water. 

About a mile southwest of Fort Hunt, at the residence of Dr. Bliss, is 
a 65-foot drilled well that gets soft but slightly iron-bearing water from a 
Potomac sand or gravel bed. Dug wells in the vicinity get water from 
Columbia loams and sanda at depths of from 15 to 25 feet. 

A mile northwest of Fort Hunt, at Riverside Park near the mouth of 
Little Hunting Creek, on proper^ owned by the Riverside Brick Co., are 
two 6-inch wells which get water from Potomac beds. They are said to be 
over 100 feet deep. Neither gives a flow, the elevation of the surface being 
about 20 feet. Each affords a fair supply of good, though slightly iron-bear- 
ing water. Near Hunters station, on the Washington, Alexandria & 
Mount Vernon Railroad, a drilled well gets good water from a bed of white 
Potomac sand at 165 feet. 

At ArcturuB station, on the same road, household supplies are obtained 
from dug wells. The deepest of these, about 30 feet, owned by H, C, Pill- 
ing, strikes a bed of sand and mud containing "logs," and yields water high 
in iron. A gasoline engine pumps the water to a tank. 

At Mount Vernon water for domestic purposes is obtained from an 8- 
inch artesian well 525 feet deep. The well is near the edge of the river, 
the well mouth being about 1 feet above high tide level. Little water was 
found in tbe basal beds of the Patuxent formation, and the casing v/sa 
pulled back. The present supply, which rises within 6 feet of the surface, 
its level fluctuating with the tide, comes from a sand and gravel bed at 345 
feet. The following log, kept by W. H. K. Shannahan, the driller, was 
furnished by William Archer, of Mount Vernon. 

Record of well at Mount Vernon. 
(Authority. J. H. K. Shannahan, driller,) 

Material 

Blue and red clay 

Gray clay 

Hard green and hlue day 

Hard green, blue, and brown clay 

Sandy brown clay 

CoarBB green waUr-bearing sand; bad water, has the odor of 

marsh water, very unpleaeant 

Brown and green clay and gray aandy clay 

Marsh clay 

Very hard and dry brown, green and blue clays 

Light green sandy clay 

Light green sand, water- bearing below 340 feet, Bourci 

present supply 

Clays 

Sand, little or no water, and that sulphur -bearing 

Bed rock 
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The water supply is good. A steam pnmp lifting 50 gallons per minute 
from the well to a tank on top of the bluff, 176 feet, lowers the water 
about 9 feet. The water is soft and works nicely in a boiler, making little 
scale. 

Water for washing, fluBhJug, and greenhouse use at Mount Vemon is 
obtained from springs developed by drains along the face of the river bluff. 
The mode of development is described on page 63. 

On Sandy Point a deep well was sunk for H. L. Cranford some years 
ago. The following record has been published ;" 

Record of veil on Sandy Point, S miles 30uthii;est of Ounston. 
(Autfaoritj', L. W. Shepard, driller.) 



White and yellow claj 

Very soft blue swamp muck . . 

Ghwel and aand; water 

Clay 

Gravel and sand; water 

Clay 

Fine sand and clay; water 

Clay 

Fine Band and clay 

Clay 

Bmall pebbles and lignite . . . . 

Clay 

Soft rock; no water 

Rock 



The well was dynamited at 265 feet. The water from this point rose 
within 34 feet of the surface or about mean high tide level, and, according 
to the driller, showed tidal fluctuations of 3 feet. 

Near the village of Accotink dug wells vaiy from 15 to 90 feet in depth, 
according to location, and get water of varying quality from Columbia and 
Potomac sands and pebble beds. The deepest of these dug wells is owned 
by J. P. H. Mason. It is on a hill 1^ miles north of Accotink and about 
180 feet above tide level. The well, which is 91 feet deep, went through 
these materials. 
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Record of dug well one and one-half miles north of Accotink. 
(Authority, J. P. H. UaBon, owner.) 



Material 

Very hard red gravel 

"Fullers earth" 

Light bluish sandy clay 

White clay and sand, a little water. . 
Light bluish aandy clay; water at 88 I 



Another well, 300 yards east of this, found a little water at 56 feet and 
no water below for 60 feet. 

On the inlier of Lafayette formation that extends from near Dunn 
Loring to Peach Grove and Freedom Hill, dug wells are from 20 to 40 
feet deep. The water, which is generally soft, is obtained from the 
Lafayette, and where that formation is thin, from decomposed crystalline 
rock. The deepest well reported in this section, 130 feet, is that of R. H. 
Watts, aboat 1^ miles east of Freedom Hill. It ie said to have been drilled 
throngh clay and gravel and to have struck no rock. The first water was 
struck at 30 feet, but the main supply, about 10 gallons a minute, comes 
from 120 feet. 

Near Springman dug wells are 20 to 60 feet deep, about 60 feet being 
the most common depth and the one at which most water is obtained. At 
Pohick, Springman post-office, a well at the Methodist Church is 80 feet 
deep, obtaining water at 70 feet, but the church is on top of a hill. 

The town of Falls Church had no public water supply system in 1906. 
The inhabitants relied chiefly on dug wells 10 to 35 feet, most of which 
yielded soft water. 

At West Falls Church a 120-foot well, drilled for the Washington, Alex- 
andria & Falls Church electric road, obtained in "granite" an irony water 
which is not used. 

Particulars regarding dug wells at some villages are given below : 

Details of dug wells m Fairfax County. 



Accotink 

Dunn Loring . . . 
New Alexandria 
LortoD Valley . . 



26-91 I Sand and clay 



Hard 

Soft 
Soft 
Soft 
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Conclusions. — Good water can be had in the Coastal Plain portion of 
Fairfax County by both dug and drilled welU. At most places the former 
will furnish ample supplies for ordinary purposes, and if properly located 
and cased will be safe. Drilled wells near Potomac River will find good 
supplies in the Patuxent sands. Flowing wells, except at the water edge, 
are not to be expected. 

OLOVCESTEB COUNTT. 

General description. — Gloucester County, formed from York County 
in 1861, lies between York Hirer and Fianketank River. 

Topographically the county is one of the most interesting in Tidewater 
Virginia. Part of the surface is included in the Sunderland terrace. The 
highest points in this terrace, about 125 feet, are in the northwest corner 
of the county; the lowest points have an elevation of 100 feet. The Talbot" 
terrace covers most of a triangular area between Severn River, Mobjack 
Bay, York River, and a line from Gloucester Point past Hayes' Store and 
Roanes to Fianketank River; this line follows a sharply defined scarp, the 
most marked and unmistakable terrace scarp in the Virginia Coastal Plain. 
From the foot of this scarp at an elevation of about 35 feet the Talbot 
terrace slopes very gently eastward to sea level, fading away in strips of 
salt marsh and wet ground. 

Geology. — The Columbia formations are prevailingly loamy at top and 
sandy below; along York River large ice-borne boulders are found in the 
lower formations. Beneath the Columbia are the sandy clays, sands, and 
marl beds of the Yorktown and St. Mary's formations of the Chesapeake 
group. The marl beds weather light- or bright-colored, but are dark 
greenish or bluish below water level. The total thickness of the Yorktown 
formation may be 100 feet. The thickness of the other Chesapeake forma- 
tions under cover, the St. Mary's, Choptank, and Calvert, is not determin- 
able from the well records available, but the base of the Chesapeake lies 
about 200 feet below sea level at the western corner of the county, and 300 
feet deeper on the shore of Mobjack Bay. Below the Chesapeake lies 
150 to 800 feet of Pamunkey greensanda, the more glauconitic and porous 
making the "black sand" of well drillers, while below these are the Upper 
Cretaceons formations. 

nKDEBGROnND WATBHS. 

Distribution and quality. — Both the surficial deposits and the deep 
sands, except at the east end of the county, contain abundant supplies of 
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water. The quality varies greatly ; probably no county in Tidewater Vir- 
ginia can show more variety. On high ground the shallow water is soft 
and low in iron, escept in Chesapeake marl heds. Near Mobjack Bay and 
at some points along York River the shallow water is of indifferent quality, 
very hard, high in iron or brackish; at some places it is excellent. The 
artesian waters show as great variation. At the west end of the county 
they are soft, clear, and fresh ; at the east end they are barely potable, con- 
taining salt, sulphate and bicarbonate of soda, and at some wells iron. 
They are as a rule sulphur-bearing. 

Artesian waters under moderate cover, 60 to 100 feet, are found in the 
eastern end of the county. They have low heads, 2 to 5 feet above mean 
high tide, and lie in irregular and discontinuous sand and shell beds in the 
Yorktown formation. The waters as a rule are clear and bright, but more 
or less limy, and in places very hard and iron-bearing. The deeper sands 
of the Chesapeake group give higher heads, up to 35 feet, and at some 
places larger fiows. Very soft waters, resembling those of the basal Chesa- 
peake beds, are found in the Pamunkey under the western part of the 
county, but to the east the Pamunkey sands, like the Chesapeake, as sug- 
gested by Darton," probably become too fine to transmit water readily. The 
flows decrease in volume and cease, no flow being known from the 
Pamunkey east of Gloucester Point. Little is known of the Upper 
Cretaceous formations, but in the eastern portion of the county deep wells 
get waters presumably from these formations, that vary in character from 
the soft, alkaline, slightly sulpliur-bearing flow at Gloucester Point to the 
higlily mineralized, saline, ferruginous waters found near Severn River. 
The Potomac beds have not been tapped within the county west of Selden. 
They undoubtedly contain potable water in abundance as far east as 
CI ay bank. 

.'Springs. — Springs are abundant. Most of them flow from Columbia 
sands; some from Cliesapeake marl beds. Yields are generally small, 
averaging at such springs as are in any way improved, 5 to 10 gallons per 
minute; flows as large as 20 gallons per minute are rare. A considerable 
number are still used for household supply. Xo spring yields water for 
shipment in commercial quantities, and none is a health or pleasure resort. 
A few that have attracted notice by reason of size, location, or quality of 
water are owned by Dr. C. 11. Bradford, near Button ; F. E. Du Val, near 
Cash, a large marl spring; Thos. Dixon, Jr., 2 miles west of Diiondale, a 
bold flow of soft water known as the Cow Spring; C. J. Roane, near Woods 
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CroBB Boads, irony water; W. E. Stubbs, near Pinetta, hard, iron-bearing 
water; and G. P. Brown, near Wan. 

At Grloncester Point a spring of soft water rieeg through Burf&ce sand 
from shell-rock in the Yorktown formation. The water is much used by 
fishermen for boat supply, as it is said to keep well. The fliow is about 1^ 
gallons per minute. 

Wells. — Dug wells are practically the sole source of supply on ground 
over 40 feet above tide level. On lower ground are also dug and driven 
welle, the latter being particularly numerous toward the east end of the 
county. 

LOCAL SUPPLIES. 

At Gloucester are some 15 dug welle from 2S to 40 feet, most of which 
are lined with brick. There are no springe close to the Courthouse, which 
is on a ridge, but there are plenty with perennial flow along neighboring 
creeks. Owing to good drainage, the thick cover of loam, and the depth to 
water table, dug wells at Gloucester are not likely to be polluted if ordinary 
precautions are taken to prevent the ingress of surface water. 

Ifear Achilles a number of deep driven wells that do not flow yield 
water of varying quality. One owned by B. A. Rowe gives water that is 
reported to work well in a saw-mill boiler. The water may come from beds 
of Chesapeake age. 

The wells along York River from Pnropotank Creek to Gloucester Foist 
tap the Chesapeake, Pamunkey, and Upper Cretaceous sands. In general 
the wells flow soft, alkaline water suitable for all household purposes. The 
height to which water rises varies ; the Chesapeake aands give heads of from 
10 to 30 feet, but the Pamunkey gives reported heads of 35 feet at Cappa- 
hosic and of 35 feet at Timbemeck Creek. The flow from the Upper 
Cretaceous sand, at Gloucester Point, has a head of bnt 10 feet. 

A well 3 miles southwest of Signpine, on a tidal inlet, found salt water 
at 13 feet, brackish water at 33 feet, and good artesian water at 196 feet, 
as shown by the following log: 

Record of well of R. C. Coleman, S mUes southwest of Signpine. 
(Authority, R. C. CalemaD, owner.) 

„„.,.„, iThicknesB I Depth 

Yellow sand, salt wat«r at 13 feet 13 13 

Ligfat«T colored Band, white at base; brackhh water at 33 

feet 20 33 

BluB marl or "marah mud" 165 199 

Quickgand 9'A I 20Bli 

Hard rteU-rook i4 i 210 

Sand ; main flow 1 I 211 

Elevation of surface 3^ feet. I 
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At Allmondflville several wells have been sunk for oyster houses and 
boiler supply. The reported depths are about 300 feet, the flow coming 
from Chesapeake eandE. The alkaline vater has a slight sulphur odor; 
it neither pits nor scales a boiler, but has a tendency to foam. A field 
analysis of the water from one well is given in table 8. 

On Jones Creek, B. B. Weaver has a 336-foot well that flows 5 gallons 
at 5 feet above mean high tide. The water comes from medium fine quartz 
sand containing much dark green glauconite. The owner dammed a smalt 
run and put in a water wheel which he belted to a "bulldozer" pump that 
forces the water to a tank on a tower near the house; the house is 25 feet 
above the spring, and the total lift to the tank about 50 feet. Table 8 
contains a fleld assay of a sample of the water. 

The well at Cappahosic, 416 feet deep, found no flow in the Chesapeake 
sands, and the Famunkey flow is of moderate volume. The owner has 
harnessed the well to a small ram, a flow of 3 gallons per minute, with a 
drop to the ram of 6 feet, being sufficient to lift all water needed for 
domestic use to a tank in the house 40 feet above the river. The overflow 
from the ram is piped to neighbors' houses, one being 300 yards distant. 

The decrease of yield in the Chesapeake and Famunkey sands near the 
mouth of York River is shown by a well sunk for James Brown by a driller 
familiar with local conditions. This well, on Carter Creek, about half a 
mile from the mouth, found water from 60 to 80 feet in coarse gravel, and 
no more till a very weak flow at 535 feet; sinking to 610 feet brought no 
increase in flow and the well was abandoned. 

Xear Timberneck Creek are artesian wells which get water from the 
shell beds in tlie Yorktown formation. One of these, 65 feet deep, at the 
residence of Charles Catlett, is used for household supply; two other wells 
sunk to the Famunkey gave flows of sulphur-bearing water. The flow from 
the shallow well has a head of 4 feet and sJiows large tidal fluctuations. 
The water is clear but hard. 

On the beach at Gloucester Foint is a well 690 feet deep which gets 
water from the Matawan ; no flows were found, according to the driller, in 
the Famunkey or Chesapeake beds, and the Matawan flow is small (3 
gallons), and of low head, 10 feet. The well was sunk for public use. The 
water has a sliglit sulphur odor, is alkaline, and contains more salt, sulphate 
of soda, and lime than the wells up the river. In a boiler it foamed badly. 
A field analysis is given in table 10. 
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The following record is reported from oae of the flowing wells on 
Pianketank River. The water is probably from the base of the Chesapeake 
group. 

Record of well of R. J. Bristotc, S miles east of New Upton, on 
Pianketank River. 



Mnterial 



Sand, water at 8 feet. . 

Clay 

Sand 



Blue Band mart; water at 42 to 46 feet 

Sand, very imall flow of water 

Marl 

Soft rock; flow of water, about ^ gal, per minnte, at 4 IS feet 



Near Severn River are several deep wells notable for their highly 
mineralized waters. All the flows contain considerable salt in addition to 
sodinm carbonate or bicarbonate, and some of the flows are decidedly iron- 
bearing. The yields vary decidedly, but as a rule are scanty. 

At Eagle Point, the country seat of the late Joseph Bryan, several 
attempts were made to get a safScient flow of potable vater. The most 
important attempt was a 6-inch well 1,004 feet deep. It penetrated sev- 
eral water-bearing beds but found no water that would overflow, though 
the elevation of the surface is but 5 feet above tide. Another well, 900 
feet deep, yields a scanty flow of clear, saline, alkaline water. (See table 
11 for field assay.) A well 100 feet deep gets a flow of decidedly hard 
water from a shell bed in the Yorktown formation. Cistern water is used 
for most purposes. Nearby at the residence of A. W, Withers is s 6-inch 
well 605 feet deep, that taps Upper Cretaceous beds. It flowed, at an ele- 
vation of 6 feet above tide, 69 gallons per minute of salty, ferruginous, 
bicarbonated water that readily corrodes steel pipe. The water is too salty 
to be palatable. (See table 10.) 

At Severn a well 610 feet deep found water at the base of the 
Famunkey. The owner gave the following record from memory: 
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Record of 610-foot well of J. N. Shackelford, near Severn, 
Oloucester County. 



Material 


Thickness 

(Feet) 


Deptb 
(Feet) 




I 

e 
1 

10 

J 

36S 

IS 
136 

66 








Yellow and reddish sand; water 


S 


Dark gray sand, water-bearing; "water contained lime but 










425 


wbiU grain in 50 blacic; water-bearing but water did not 




Soft dark or greenUb mud, ver^ few or no sbells 

Black Band in bard lajere, water-bearing, flow 1 gallon in 


67* 


Below the rock waa clean gravel "like fine bail" pebbles eize 

contained water but tbe gravel and sand choked the pipe 
and it was pulled back to 576 feet 





The water is clear, but highly mineralizedj containing considerable salt. 
It has been dmnk as a medicinal water. (See table 10.) 

Some particulars of dug wcUb, reported by postmasters, at Tarioas points 
in the county are shown below in tabular form : 

Details of dug wellt in Oloucester County. 



Location 



Depth 
(FcetJ 


Water bed 


Quality of 
water 


10-20 


Sand 




30-46 


Sand and marl 


Hard 


1B-60 


Sand 


Soft 


25-50 


Sand 


Soft 


35-40 


Sand and marl 


Soft and hard 


10-35 


Sand 


Hard and soft 


25-10 






20-30 


Sand and marl 


Haird 




Sand and marl 
Sand and marl 




30-60 


Soft and hard 


18-60 


Sand 


Soft 


10-40 


Sand and gravel 





Belroi 

Cash 

Dutton 

James Store 

New Upton 

Ordinary 

Pinetta 

Signpine 

Woods Cross Boads 

Whitmarsh 

Wicomico 



Conclusions. — Artesian water can be had under the whole of Gloucester 
County, but the wells already dug demonstrate that liberal flows of good 
quality can not be expected east of Gloucester Point. Excellent water can 
be had in the western part of the county under heads of 30 to 35 feet above 
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tide. At Gloucester GonrthooBe soft alkaline water can be had by a well 
less than 600 feet deep, bat 8 deep well pump mnst be used as the water 
will probably not rise to within 40 feet of the surface. 

0BEE1TE8VIII.E OOUBTY. 

General description. — Greenesville County includcB the extreme south- 
west comer of the Virginia Coastal Plain, south of Meherrin River, and 
its southern boundary is the North Carolina- Virginia state line. The 
CoaBtal Plain portion of the county lies east of the Atlantic Coast Line 
Bailway, and has an area of about 70 square miles. 

The surface shows considerable diversity of relief but much of it is 
low, and is included within the valleys of Meherrin River, Fontaines 
Creek, and tributary swamps. The general slope is east. Along Meherrin 
River the lower Colombia terraces are extensive. The maximum eleva- 
tions of the Coastal Plain area in this county have not been determined, 
but the Sunderland terrace is a less important feature of the topography 
than in counties to the north. Elevations above sea level range from 300 
feet, west of Jarratt, to 20 feet along Meherrin River. 

Geology. — Granite outcrops in the bed of Meherrin River near Emporia, 
and lies less than 50 feet below the surface in the town. Near the river 
the granite is overlain by Columbia gravels, sands, and loams, which also 
mantle the surface in the vicinity of the town and along the railroad to 
the south. 

Potomac sandfi overlie the granite a short distance east of Emporia, 
but are not exposed along Meherrin River nor anywhere within the county. 
There is nothing to indicate the presence of Upper Cretaceous or of 
Pamunkey (Eocene) t>eds. Chesapeake marls are exposed in places by 
pits from which the marl was dug. 

UNDICllGBODNT) WATERS. 

Distribution and quality. — The Columbia and the underlying Chesa- 
peake or Potomac sands carry waters that show considerable variation in 
quality. Sufficient water for household needs can be had anywhere in the 
Coastal Plain portion of the county at small cost. For larger supplies 
groups of driven or bored wells have been put down in the Columbia sands, 
and at least one well has been drilled deep into granite. 

LOCAL SUPPLIES. 

At Emporia water for boiler supply has been otitained from dug, bored 
or driven wells. The Emporia Manufacturing Co., in 1905, had 6 bored 
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wells, 34 feet apart, with 4^-iiich csemg, and a S-inch suction pipe having 
a slotted brass strainer 9 feet long inside the caaing; the yield wae abont 
60 gallons per minute of hard water. Soft water was found at 23 feet. 
The company had also a series of 20 bored wells 16 feet apart, 2 inches in 
diameter, with IS-Lnch screens, and only about 23 feet deep. The water 
normally stood within about 10 feet of surface and the combined yield to 
pnmp was 70 gallons per minute. Qranite is found at 32 feet. 

The town of Emporia has a 600-foot drilled well, described on page 
93; it furnished unsatisfactory water from crevices at several depths. 

EAHOTES COUHTy. 

General description. — Hanover County, formed in 17S0 from New 
Kent County, lies between Chickahominy and Famunkey rivers, but only 
that part east of the Richmond, Fredericksburg & Potomac Railroad is 
within the Coastal Plain province. This part, probably 100 square miles 
in extent, contains several important settlements, the largest being 
Ashland. 

The topography has the varied aspect conunon to other counties along 
the "fall line." The Lafayette and older Columbia terraces have been 
deeply trenched by tributaries of Chickahominy and Pamunkey rivers; 
maximum elevations are 300 to 335 feet near Ashland, Merryoaks, and 
Ashcake, while the swamp along Chickahominy River is 50 to 80 feet, and 
the flood plain or first bottom along Pamunkey River, is 10 to 30 feet 
above sea level. The Sunderland plain east of Ashland may be 160 to 180 
feet high. The Wicomico plain lies along Pamunkey River from near 
Hanover to Doswell. At the latter place it forms the "second bottom" at 
an elevation of 60 to 80 feet above tide, A lower plain is well developed 
near New Castle bridge, where its surface is 25 to 40 feet above sea level. 
The Wicomico is not well shown in the Chickahominy valley. 

Geology. — Granite underlies the Columbia deposits south of Ashland, 
and the Triassic sandstones outcrop north of Ashland, near North Anna 
River. Above this basement to the east are Potomac, Pamnnkey, and 
Chesapeake depoaits. The Potomac at Belamar la represented by a few feet 
of dark bluish shale, and on the Korth Anna near Doswell by arkosic sands 
and sandstones of the Patuxent formation. The exposures of Eocene 
deposits along Pamunkey Kiver from Wyckham to Piping Tree Ferry 
were visited by Conrad and by Rogers over 70 years ago, and have been 
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ezamiiied by many geologiste since. The beda cmsiat of dark green sands 
containing fossil shells which in places form shell-rock. Most of the 
material exposed is part of the Aquia formation. K"o Pamunkey (Eocene) 
beds are exposed in the Chickahominy valley. The Chesapeake (Miocene) 
beds, chiefly of the Calvert fonnation, overlap the Pamunkey, They com- 
prise dark greenish sandy clays, which in places contain many fossil shells 
and in places are full of diatoms. The thickness of the Chesapeake beds 
varies from a feather edge to possibly 100 feet on the east aide of the 
county. 

The Lafayette and Sunderland formations overlap the granite and the 
Cretaceous, Eocene or Miocene beds to the west, the Lafayette extending 
an unknown distance westward. The Sundertand containa numerous large 
boulders of crystalline rocks, evidently ice-bome, and near Wyckhara its 
scarp is aa thickly strewn vrith boulders as a New England hill pasture. 
On the Wicomico plain along Famnnkej Biver these sub-angular boulders 
of gneiss and schist are dug out in tilling fields and used for well-casing, 
foundation-stone, flagging, etc. 

UNDfiXGKOUXD WATERS. 

Distribution and character. — Water-bearing beds occur in the Potomac, 
Pamunkey, Chesapeake, and Columbia deposits. The deeper Potomac and 
Pamunkey waters, as indicated by wella in King William County, are 
probably of good quality. The water from the Columbia sands is as a 
rule soft. 

Springs. — Springs of the usual Coastal Plain type are numerous, but 
comparatively few are used for household supply and from none is water 
sold regularly. The quality of the spring waters varies from hard or iron- 
bisring to very pure and soft. 

One spring of note is near the reaidence of T, A, Taliaferro about iy2 
miles southeast of Pole Green. This spring rises as a bold flow from a bed 
of white sand (Sunderland) near a little run tributary to Beaver Dam 
Creek. The spring is said to rise from a depth of at least 20 feet, as a pole 
can be foreed down into the aand to that depth. The flow, about Ifi gallons 
per minute, is clear, soft, and light. The owner furnished an analysis that 
has been recomputed to express results in the form used by the Federal 
Survey. 
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Analysia of water from spring of T. A. Taliaferro, southeast of Pole Green, 

Hanover County. 

(Heuiy Froehling, analyst.) 

Parts per 1,000,000 

Total mineral solids 18. 

SiUc* (SiO,) a, 2 

Iron (Fe) 0.03 

Aluminum {Al) 0.11 

MuinDese (Mn) O.OZ 

Calcium (Ca) 0.7 

Magnesium (Mg) 0.3 

Sodium (Na) 2.2 

Potassium (K) 0,8 

Lithium (Li) 0.01 

Arsenic (As) trace 

Biearboiiata radicle (HCO,) 2.7 

Sulphate radicle (80,) 2.3 

PhoEphate radicle (PO.) 0.03 

Chlorine (CI) 3.1 

Iodine (I) trace 

Free carbon dioxide goa 64 c c. per liter. 

No improvements had been made at this epriag when it was inepected, 
nor was the water being sold. 

Other springs of more or less note in the Coastal Plain section of 
Hanover Connty are those of H. Carter Bidd, of Beaver Dam; of M. C. 
and C, H, Tate, at Kuel, which give iron-bearing water; and a small 
spring of E. G. Gwathmey, near Taylorsville, said to yield sulpliur water. 

LOCAL SUPPLIES. 

Dug wells at Hanover average 20 to 30 feet deep, though one was dug 
60 feet. The water from most of the wells is called "medium soft." The 
deeper wells go through the Columbia gravels and sands into the 
Chesapeake bods, and if they strike shell marl the water becomes hard. 
The 60-foot well found a little hard water at 20 feet on top of a dark, 
greenish sandy clay of the Chesapeake group, but none for 40 feet below. 

At Ashland most of the water used is obtained from dug wetls; enough 
for a family of ordinary size can be obtained by digging 18 or 20 feet. 
Because of the level surface of the ground and the shallow depth of the 
water table there is danger of pollution; hence some people use only cistern 
water for drinking. At Randolph-Macon College cistema of large size, 
kept securely locked, are filled during late fall, winter and early spring; 
the supply being accumulated after leaves have fallen and migratory birds 
have left the region. 
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Where there is no danger of pollution from nearby cesapools or wells 
with uDsaoitary BurroundingB, good water from dug wellfl iB had by dig- 
ging to below water level, dnmpiiig in several feet of clear, coarse gravel, 
and naing tile cnrbing with tightly cemented joints, the top length project- 
ing a foot or 80 above surface. 

Several attempts to get water by drilling have been made at Ashland. 
One well at Sandolph-Macon College, sunk about 100 feet, fumiBhed satis- 
factory supplies for about ten years, and then was abandoned because an 
influx of sand choked the pump, A deep well intended to furnish a supply 
for the college and the town is on the grounds of the Henry Clay Inn. 
This well, 365 feet deep, went through the Lafayette and obtained its 
supply from the sandstones of the Xewark. The following record is that 
furnished by the driller: 

Record of deep well of Ashland Water and Light Co., at Henry Clay Inn, 

Ashland. 

(Authoritf, Sydnor Pump and Wall Co., drillers.) 



Material 


Thickness 

(Feet) 


Depth 
(F»t> 




26 
5B 
















Slate 









The following record of a well near Ashland is from Darton's bulletin." 
Record of well near Ashland. 

■M-t»-i„i I ThickneBs I Depth 

M***"^"' 1 (Feet) ! (Feet) 

Clay and soil 20 20 

QraTel and sand , 22 42 

Blue clay with beds of fine sand 37 70 

Stratum of sandstona 8 SB 

Diiinttgrated stone, with wster in its upper portion 36 120 

Granite i 20 140 

In 1910, a public supply system, taking water from two deep wells, was 
installed. 

On the lower terrace near Pamunkey River many shallow wells 10 to 
15 feet deep get water enough for family use, but are frequently filled by 

oDarton. N. H., Op. cit. p. 179. 
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surface water during rains, and are not considered wholly safe. A deep 
well sunk for locomotive supply by the RichmoDd, Fredericksburg & 
Potomac Bailroad, near Doewell, elevation 55 feet, obtained, from the 
Newark rocka at a depth of about 300 feet, hard water, which rose to witliin 
3 feet of the surface. The aupply was either ineufilicient or tmBatisfactory, 
for the well was abandoned by the railroad company and later covered in 
widening the grade. 

About Wyckham, wella on the Sunderland plain get soft water at 
depths of 30 feet or less. Near Wyckham station on the scarp above the 
Wicomico plain an attempt to get water by digging into the Chesapeake 
marls and clays was unsuccessful. The following section was furnislied 
by W. W, Dyson, superintendent of Hickory Hill farm. 

Record of 75-foot joell at Hiclory Hill, Wyckham. 
[ Aiithoritj-. W. W. D.vson.) 



Material 



Loam and pebbles S 

Red clay I 4 

White "fuller's earth' i 10 

White and purplish "fuller'a earth" with iron stains 10 

Dark bluish black "fuller's earth" S | oi 

Blue gravel and sand, pebbles Inrge as hens' eggs 3 j 40 

Blue sand 2 I 42 

Shell marl, very hard, full of scallop and clam shells and 

sharks teeth 11 | 63 

AVhite sand, water-bearing 1 i 54 

The water rose to the top of the marl. It tasted strongly of iron, and 
was so hard that it could not be used for washing, consequently the well 
was filled. 

Shallow well conditions at a number of points in tlie Coastal Plain 
section of the county are given in the following table: 

Detttils of dug wells in Coastal Plain portion of Hanover Comity. 





Location 


; Depth 

1 (Feet) 


: Water bed '^'^1^?/^ 


Belaroar . . . 
Doswell .... 
Benverdam . 
Pole Green . 
Ruel 




12-100 

16-35 

16-30 

30 

30 


Sand and rock .Soft and hard 

Sand 1 Soft 

I Sand 1 Soft 

Sand Soft 

Sand ! Soft 
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Conclusions. — There is little chance in Hanover County tor artesian 
vater that will rise above tide level, but in the eastern part of the county 
water of good quality and softer than that obtained by dug wella can be 
had by drilling. The Newark rocks are uncertain water-bearers, and though 
water can probably be had from them the quality and yield can not be pre- 
dicted ; both may be good, as at Ashland, or poor, as at Doewell. 

HENEICO COUNTY. 

General description. — Henrico County, formed in 1643 as one of the 
original shires of Virginia, lies between James and Chickahominy rivers, 
part of the county being in the Coastal Plain and part in the Piedmont 
Province. Kiclunond, the capital of Virginia, a proeperoua manufacturing 
city, had a population of 11i7,6iS in 1910. The area of the Coastal Plain 
portion is about 350 square miles. Outside the city limits are a number 
of suburbs, chiefly residential, such as Barton Heights, Brookland, Ginter 
Park, and Highland Spriugs. The population of the county, exclusive of 
Richmond, was 23,437 in 1910. 

Away from the railroads and the immediate vicinity of Richmond the 
county contains few villages of importance. Along the James River are 
several famous estates, and one of the largest single farms in the State, 
measured by land under cultivation, is about 15 miles below Richmond. 

As Henrico County lies partly in the Coastal Plain and partly in the 
Piedmont Plateau the topography is characterized by the gently undu- 
lating remnants of the high Lafayette or Sunderland plains on the inter- 
stream areas, with precipitous scarps along the gorge of James River, the 
gorge at Richmond being nearly 260 feet deep. The Lafayette plain has an 
elevation of 200 to 225 feet. The lower terraces are not well developed 
near Richmond, but can be traced along the James River valley below. 

The Coastal Plain area contains few creeks or runs more than a few 
miles long. Those emptying into the James such as Shockoe, Gillies, and 
Almond creeks, have cut sharp valleys which are marked features of the 
topography. Along Chickahominy River is a cypress swamp, lying 50 to 
over 100 feet above tide level and in places over a mile wide. 

Geology. — The gray granite-gneiss over which James River flows at 
Richmond is exjKised at higher elevations in railroad cuts west of the "fall- 
line," as at Glen Allen. It dips eastward from the "fall-line" about 40 
feet to the mile, and above it lie Potomac, Pamunkey, and Chesapeake 
beds, all of which outcrop in the city limits of Richmond. The Patuxent 
formation, with arkosic, incoherent or indurated sands full of pebbles. 
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cobbles, and clay balls, may be seen along Gillies and Almond creekB, The 
Pamunkey greensande and the Chesapeake diatomaceons clays are exposed 
at the famous outcrop on the west bank of Shoekoe Creek, just below the 
plant of the American Locomotive Works, where, in a bliuff about 40 feet 
high, dark ai^llaceous Pamunkey greensaads of the Nanjemoy formation 
grade into dark diatomaceous clayey Chesapeake sands of the Calvert for- 
mation. Higher up the run are many outcrops of the Calvert formation 
full of shells. North of the city, near the State Pair grounds, dark fossil- 
iferouB Chesapeake marls and clays rest directly on the granite. Along 
James River, south of Biclimond, notably at Dutch Gap, many outcrops 
of Potomac sands and standatone can be seen. In Chickahominy valley 
the dark, sandy clays of the Chesapeake beds are exposed along the creeks 
and runs. From feather edges on the west, the Potomac, Pamunkey, and 
Chesapeake beds thicken rapidly down the dip, and at the eastern edge of 
the counly the Potomac may be 300 feet thick, and the Pamunkey and 
Chesapeake, each 100 feet. 

UNDERGROUND WATERS. 

Distribution and character. — -The occurrence of water in the granite 
has been described on pages 83-97. The Potomac beds are prevailingly 
coarse-textured, and contain much water that is available to wells. The 
Chesapeake sandy clays are dense and the Calvert formation is probably a 
poor water-bearer within the county limits. The loams and sands of the 
Columbia contain large supplies of ground water, the depth of the water 
table below surface depending on the topography. The shallow waters are 
for the most part soft. Little is known of the quality of the water to be 
had by deep wells sunk to the Potomac beds. 

Springs. — Springs abound. Most are small seeps from beds of sand 
but a few are of considerable size. One of the largest in tlie county, known 
as the Tucker or Bonanza spring, is near Highland Springs on land owned 
by E. 9. Reed. It is situated in a hollow near a small run that flows into 
Chickahominy River. The water rises from sands and gravel, evidently 
slope wash, and the geologic relations of the spring are not evident. The 
water probably comes from near the contact between the Chesapeake and 
the overlying Columbia sands. The flow, about 28 gallons per minute, is 
said not to vary during the year. The water is soft, clear, tasteless, and 
odorless, has been used for drinking purposes by several families at Higli- 
Innd Springs, and has Iwen shipped to Richmond. 
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Situated a few miles west of Highland Springs, in the Sunderland 
scarp facing James River, is Como Lithia Spring, the water of which is 
sold for medicinal and table use. The spring issnes from sand beds at the 
base of the Sundetland formation. The water is clear and sparkling, 
taatelees and odorless, and contains free carbon dioxide which makes it 
agreeably light. The following analysis, recalculated to express results in 
standard form, was furnished by the proprietor of the aprii^, I. M. Hawks. 

Analysis of Como Lithia water. 
(Henry Frcnhling, uutlyat.) 

Parts per 1,000,000 

ToUI MlidB 84. 

Organic matt«r alight trace 

Silica (SiQ,) 5.4 

Iron (Fe) 0.1 

AlQmiDiim (AI) 0.63 

Calcium (Ca) 0.86 

Magneaium { Idg } 1.1 

Sodium (Nb) 4.T 

Potassium (K) 2.1 

Lithium (Li) 0.07 

Iodine (I) 0.89 

Bromine (Br) t«u» 

Arsenic (As) trace 

Bicarbonate radicle (HCO.) 7.» 

Sulphate radicle (SOJ 0.41 

Chlorine (CI) 10. 

Free carbon dioxide gas, SI c. c. per liter. 

The spring is in a park with no buildings near, and pollution by con- 
taminated surface waters is improbable. The only improvements at the 
spring, when inspected, were a bricked pool from which the water was 
pnmped, and a rustic spring house. 

Other springs of more or less note in Henrico County are those of 
E. G. Hopkins, at Glen Allen; of William Dean, on the edge of a slope 
from the Sunderiand plain, S miles northeast from Fair Oaks ; of A. A. 
Carlough, half a mile south of Elko; of J. W. Francis, 3^^ miles south of 
Chickshominy ; of J. T. Brown, on the Sims place, 3 miles south of Laurel 
station; and a spring on the Crenshaw tract, 1^4 niiles east of Laurel. 
The spring that supplies Barton Heights is mentioned on page 190. 

Wells. — While the larger proportion of the dng wells in the rural parts 
of Henrico County are curbed with wood, there are many, especially near 
Richmond, that are bricked. Most of the bricked wells are covered and 
have pnmps. There are some driven wells, but outside of Richmond there 
are few drilled wells. 
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LOCAL SUPPLIES. 

The city of Richmond owns waterworks which distribute James Biver 
water. In or near Bichmond a number of deep wells have been sunk b; 
hotds and industrial concerns. These wells get water from fissures and 
joints in the granite, and are of much interest because of the wide varia- 
tion in yield and quality of water. They are discussed in detail under the 
heading "Wells in crystalline rocks," on page 83. 

A dug well 13 feet in diameter and 113 feet deep et Benjamin Davis' 
brickyard in the north part of the city is situated just on the edge of the 
Sunderland plain above Bacon Quarter Branch. It went ' through 
Columbia cobble beds and loams and the Chesapeake sandy clays to decom- 
posed granite, but struck nothing that could be identified as Potomac 
material, and yields little water. 

In the Brookland district, which includes residential and manufactur- 
ings sections, northwest and north of the city, and had a total population 
of 10,068 in 1910, water is obtained chiefly from dug wells 10 to 40 feet 
deep, though there are many drilled wells and some cisterns. 

Within a mile of Highland Springs there are over 100 dug wells, which 
obtain supplies of soft water from sand beds, and ranga in depth from 30 
to 27 feet with an average of about 38 feet. 

In Glen Allen dug wells are 30 to 35 feet deep, and most of them strike 
granite at about 20 feet. The Old Dominion Excelsior Co. has two wells 
8 feet square and 33 feet deep that go to the granite, and are connected by a 
crosscut at the bottom. 

Barton Heights, a suburb of Bichmond, with a population of 1,388 in 
1910, has a public supply from the Mitchell Spring and an adjacent dug 
well 15 feet in diameter and 44 feet deep, in the scarp back of the spring. 
The yield reported is about 100 gallons per minute. Some characteristics 
of the water, which is considered good, are shown by the following sanitary 
analysis : 

Sanilary analysis of water from Mitchell Spring. 
(E. C. Levy, aualyat.) 

ParU per 1,000,000 

Total BOlide 106. 

Loss on ignition 42. 

Alkalinity 0.0 

Chlorine (CI) 16.5 

Nitratea (NO.) 0.445 

Nitrites (NO.) 0.0 

Iron (Fe) 0.03 

Total hardness 32. B 
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To supplement the supply from tbie well and spriug, the town, in 
1909, had a deep well sunk on the east side of the valley of Bacon Quarter 
Branch. This well, 759 feet deep, yields to a pump 40 gallons a minute 
of excellent water. 

The drilled wells at Barton Heights go through Columbia and Chesa- 
peake beds, getting water from crevices in the granite-gneiss. Most of the 
drilled wells are from SO to 150 feet deep, though a few are much deeper. 

At Fort Lee, dug wells 15 to 25 feet deep go through red clay into blue 
marl and then into water-bearing sand. Tbe cost of diggii^ sucb wells 
has been $6 or $7. Some of the wells seen were liable to pollution because 
of insufficient protection at the top. 

At Chestnut Hill and Highland Park nearly all householders have dug 
wells 30 to 40 feet deep, averaging about 30 feet at Highland Park. The 
water generally is soft. 

At Qinter Park most bouses are supplied from the deep well described 
on page 93. Dug wells are SO to 35 feet deep. One at the Jefferson 
Laundry yielded water that was too hard for laundry use. Analyses of 
water from these wells are given in tables 4 and 7. 

No account of deep wells in Henrico County would be complete with- 
out mention of the boring at Curie's Neck, the 7,000-acre farm of C. H. 
Senff. This well near James River where the Talbot terrace plain has a 
maximum elevation of about 30 feet, went through Columbia, Chesapeake, 
Pamunkey, and Potomac deposits, striking granite at 310 feet. According 
to Mr. Bedell, superintendent at Curie's Neck, a little sulphur-bearing water 
was found at 125 and 350 feet, and drilling was continued to 735 feet. In 
the granite water was struck at various depths, better in quality but less in 
volume than that above, and at 710 feet the well was temporarily 
abandoned. After remaining idle for a year, it was tested and the most 
that could be bad was about 10 gallons per minute. As a last resort six or 
seven charges of dynamite, some 45 pounds in all, were exploded at various 
depths in the granite, with complete success. Mr. Bedell said that pumping 
at the rate of 100 gallons per minute continuously for three weeks lowered 
the water level but a few inches. The water, which is piped to several 
bouses for domestic use and is drunk by 75 to 100 persons, is soft, clear 
and colorless, without taste or odor. 
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The depths of dug or driven wells, character of water bed, and quality 
of water at a number of places in the county are summarized below: 

Deiaila of dug wells in Henrico County. 



Location 


Depth of 
well 

fPeet) 


Water bed 


QaalitJ' of 
Water 




16-26 
18-2& 
lB-80 
20-26 
20-tO 
20-50 
About 20 
About 30 


Sand and gravel 

S«Dd 

Loam and sand 
Sand and gravel 
Ratten Kranite 

Sand 

Sand 




























Varuna Grove 


Soft 



Conclusions. — As the Lafayette and higher Columbia terraces have a 
thick covering of clay loam it is probable that dug wells, even when houses 
stand closely, will be satisfactory from a sanitary standpoint, provided that 
wells are properly protected, and provided they are not sunk close to cess- 
pools or privies. Drilled wells properly cased are, however, preferable. 
Good water can probably be had by wells drilled to the Potomac beds in 
the eastern part of the county, but the prospects for flows, even at an ele- 
vation of less than 10 feet above tide level, are poor. 

ISLE OF WiaHT COTTNTY. 

General description. — Isle of Wight County, formed in 1634 as one of 
the original shires of Virginia, lies south of James Kiver and east of Black- 
water Biver. Smithfield, with a population of 1,278 in 1910, is the only 
incorporated town. 

The general slope of the surface is southeast. It varies from flat to 
gently undulating, though the Columbia terrace plains are somewhat sharply 
cut along the north and east by creeks flowing to James and Nansemond 
rivers, of which Pagan Creek is the most important. The creeks in the 
western and southern parts of the county drain to Blackwater River, have 
open valleys, and flow sluggishly through cypress swamps. The divide 
between the James River and Blackwater River drainage runs through the 
center of the county. Along James River and Pagan Creek the descent 
from the Wicomico plain to tide level is generally abrupt, there being bluffs 
along the James 50 to 80 feet high. The slope southwestward from the 
Blackwater-James divide is gentle, Moonlight having an elevation of 85 
feet and the Blackwater bottoms opposite Franklin 30 feet. 
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Noteworthy features of the topography in the northwest comer of the 
county, commented on by Rogers," are the wide, poorly drained tracts 
known as pocosons. 

Geology. — The mantle of Columbia loams and sands hides the older 
beds except along the river and creek valleys. The Potomac and Pamunkey 
deposits are deeply buried, and the only outcropping Chesapeake forma- 
tions are the Yorktown and St. Mary's. The sands, clays, and shell maris 
of the former in places constitute the whole thickness of the bluffs along 
James Biver, and at some localities, for instance near Fort Boykin, are beds 
crowded with marine shells that here and there form hard rock. The thick- 
ness of the Yorktown may be 100 feet; of the St. Mary's about 250 feet. 
The formations are much alike, being differentiated by fossils. The top of 
the Pamunkey is from 800 to 400 feet below tide level. Nothing positive 
is known of the Upper Cretaceous beds nor of the Potomac. 

UKDEBQBOUND WATERS. 

DistribttHon and quality. — The Potomac, Pamunkey, and Chesapeake 
groups contain artesian water. The coarser sands will yield supplies at 
any point in the county, and along James River will give flows at eleva- 
tions below 85 to .'(5 feet, Nothing is known of the quality of the Potomac 
and Pamunkey waters, but there is every reason to believe that they are 
potable. The artesian waters in the Chesapeake beds are soft, alkaline, and 
adapted to domestic use. The shallow water varies in quality from soft in 
the Columbia sands to hard in the Chesapeake shell marlB. 

.S'prinj/s.— There are many springs along tributaries of James and 
Blackwater rivers, but few of especial importance. Most springs tlow from 
Columbia sands, and a few from the top beds of the Chesapeake, 

Near St. Luke's church, built in 1632 (Benn's Church post-office), is a 
wayside spring of good flow, about 10 gallons per minute, that has been 
used by wayfarers for nearly 300 years. Its clear, fresh, but hard water 
flows from shell marls in the Yorktown formation. 

Wells.— Dug wells with wood-lining are most widely used. In some 
places, particularly in the northern part of the county, curbing of 34-inch 
tile is being substituted for wood. The shallower wells, as a rule, reach 
Columbia sands and loams; the deeper wells penetrate Chesapeake sand or 
marl. There are some driven wells scattered in the county,' and there are 
many drilled wells along James River, Everets Creek, and Blackwater River. 

oRogers, W. B., Oeolo^- of the Virginias, 1885. 
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The drilled wellB are nearly all of small diameter, Ii/j or 2 inrhee. Deptlis 
range from 40 to over 300 feet. Some have but 20 feet or so of casing; 
others, and especially those drilled recently, are eased to the bottom. 

LOCAL SUPPLIES. 

Flowing wells along James River. — The town of Smitlifield is supplied 
with water from a creek 3 miles to the west. In the town are a few dug wells 
which get hard water, and a considerable number of cisterns. A drilled 
well 300 feet deep found a fine flow of soft alkaline water in the basal 
Chesapeake (Calvert) beds that are tapped by some wells a few miles 
farther up the river. 

Along James Biver, above Smithfield, are several flowing wells about 
300 feet deep. A part of the flow from one of the wells at a hotel near 
Day's Point is bottled and sold by the owner as a table and medicinal water. 
It belongs to the sodic alkaline bicarbonated class, and like waters of this 
class in the tidewater country, contains little lime in proportion to the 
total solids in solution. As a table water it is light and pleasant. The 
mineral content is shown by the following analysis : 

Analysis of Day's Point Artesian lAthia mater. 
(FroeMing and Robertson, analysts.) 

Parts per 1.000,000 

Total Bolidg 434 . 

Silica (SiO.) 12. 

Iron (Fe) 0.19 

Aluminum (Al) 0.S3 

MangBHew 008 

Calcium (Ca) 2.6 

Matpieaium (Mg) 1,1 

Sodium (Na) 169. 

PotBHsium (K) 6.2 

Manganese (Mn) 0.008 

Iodine (I) 0.004 

Lithium (Li) 0.008 

Bromine (Br) 0.36 

Arsenic (Ab) trace 

Carbonate radicle (CO,) 204, 

Sulphate radicle (SO,) 11. 

Phosphate radicle (PO.) 0.86 

Chlorine (CI) 25. 

Carbon dioxide (COi) combined 1(15. 

Free carbon dioxide (CO,) 2.6 eu. in. per liter. 

A well near by, owned by J, P. Tower, is said to penetrate tiie follow- 
ing succession of lieds : 
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Uerord of trell of J. P. Towfr. 3 miUf cast of Shoal Batj. 



MRlprial 


Thickness 

. (Feet) 


Depth 

(feet) 








TbHow undT elav 

Yellow shell marl 


10^4 

18 


12 
30 


Reddish or 'liver-colored" mud 


4 


174 














Blue marl, water 




303 



Tliese wells are on s bluff 30 foet above James River, hence they yield 
small flowB, 

The flowing wells near Everets tap local sands high in the St, Mary's 
formation. The flows are weak, but the water is of good quality — a little 
harder and less alkaline than that from the deeper Chesapeake (Calvert) 
beds along Jamee River. The wells were inexpensive, costing only 10 cents 
per foot for the driller's time, the owner providing the necessary extra 
labor and the pipe. 

Flowing wells along Blackwater River. — On the west aide of the county, 
in the bottom lands along Blackwater River, flowing wells liave been drilled 
from north of Zuni to the south end of the county below Franklin. The 
wells tap sands lying in the Chesapeake group (St. Mary's formation) 
about 150 feet below tide level. Most of these wella are of small diameter 
(2 inches), and are used for household supply or for watering stock. There 
are several near Zuni. At the plant of the Shaw Lumber Co., at Ivor, 
elevation 60 feet, a 6-inch well supplies water for a number of houses; be- 
cause of the elevation the water does not rise to the surface and a pump 
is used. For details of other wells, see table 5. 

Conditions at some of the villages depending chiefly on dug wells are 
noted in the following summary, compiled from report* of various persons -. 

Details of dug wells in Isle of Wight County. 



Depth of 
welU 

(Feet) 


Water bed 


Quality or 
water 


12-20 
12^0 
16-B4 
lS-20 
10-80 
12-16 


Sand 

Sand and marl 

Sand and clay 

Marl and blue clay 

Sand and marl 

Sand 


Soft and hard 
Soft and hard 

Soft 

Hard 

Soft and hard 

Soft 


12-10 
12-18 
10-15 


Saad 

Clav and sand 

" Sand 


Soft 
Soft, irony 

Soft 



Benn'a Church . 

Bob* 

Cnrreville 

Chuckatuck . . . 
McClelland . . . . 
Moonli^t 

Wells Corner . . 

Windsor 

WhiUly 
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Ooncliuions. — While more care than formerly is now being taken in the 
location and protection of dug welle, there are many that are liable to pollu- 
tion. Artesian water of satisfactory quality can be had anywhere in the 
county at a masimnra depth of 300 feet below tide, but to drill with the ex- 
pectation of getting flows at points higher than 35 feet above sea level will 
probably prove a waste of effort, except near James Biver, where carefully 
cased wells may find water that will rise 40 feet above sea level. Potable 
water can be found at greater depths, and the Potomac group in particular 
contains vast supplies. These is nothing to indicate that the Potomac water 
will not be potable at 1,500 feet below surface, though in the northeast 
comer of the county these very deep waters are liable to be more mineralized 
than those obtained from the Chesapeake beds. 

TAHES CITT COUNTY. 

General description. — James City County, one of the original eight 
shires of the colony of Virginia, lies north of James River and Chicka- 
hominy River, and south of York Eiver. Historically, the county is note- 
worthy for containing Jamestown, the site of the first permanent settlement 
of English-speaking people on the American continent, and Williamsburg, 
the first incorporated city in Virginia. At Williamsburg is William and 
Mary College, the original charter of which antedates that of Harvard 
College, making it the oldest chartered institution of learning in the United 
States. 

Situated between York and James rivers, the county has characteristic 
topography of the western shore type; the Sunderland terrace forms the 
divide but has been dissected by streams flowing to the rivers on either side. 
The principal streams are Diascond Creek, a tributary of Chickahominy 
River; Ware and Taskinash creeks, which empty into York River; and 
Warwick River, a tributary of York River, which separates the county 
from Warwick County on the northeast. The greatest elevation of the 
Sunderland plain is in the northern part of the county between Ware and 
Diascond creeks, where it is about 130 feet high. Along York River there 
are only small patches of the Wicomico terrace, but along James River, 
and particularly along Chickahominy River, there are some wide stretches 
of it having an altitude of from 50 to 80 feet. The lowest plain is better 
represented along James River than along York Eiver, and ia especially 
conspicuous in the vicinity of Jamestown Island. 

Geology. — The Potomac and Pamunkey beds lie below tide level. Tlie 
top of the Potomac or Upper Cretaceous is 320 feet below tide level at the 
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weat end of the county, and B80 feet at the east end. The top of the 
Pamunkey is 180 to 380 feet below sea leYel. Of the Chesapeake formatioas 
only the Torktown and St. Mary's outcrop. Their characteristic dark 
greenish or hlnish sands and sandy clays and included beds of shell marl, 
weathered to Teddisb, bTi£F and yellowish tints, are seen at marl pits. The 
total thickness of the St. Mary's exceeds 200 feet, but is not exposed above 
tide water within the limits of the connty. 

UNDEROUOtlin) WATERS. 

Distribution and quality. — Ground water, found in the Columbia and 
Chesapeake formations, is mostly soft, but in places marl beds yield hard, 
irony water. The water from the Pamunkey and Chesapeake beds has all 
the chsracteTistics of that from corresponding horizons in adjoining 
counties. It is beautifully clear. aiid slightly alkaline, but at some places 
is sulphur-bearing. Though plenty of potable water can undoubtedly be 
obtained from the Potomac beds little is known of theit possibilities. 

Springs. — -There are a great many springs in the county, but none of 
commercial importance. They are used to some extent for household 
supply, but mostly for watering stock. The waters resemble those obtained 
from shallow wells in being clear and soft when flowing from Columbia 
sands, and hard or even iron-bearing when issuing from Chesapeake marl 
beds. Springs of perennial flow are numerous, but flows of more than 
10 gallons to the minute are few. 

Wells. — I>ug wells are the chief source of domestic supply. Some 
drilled wells have been sunk near Williamsburg and along the river, but 
the number is not large. The prices for sinking these have varied accord- 
ing to the diameter, etc. A number of 3-inch wells near Jamestown cost 
about $1 per foot, complete. 

LOCAL SUPPLIES. 
Williamsburg, with a population of 2,044, had no public water supply 
system in 1906; the inhabitants relied chiefly on dug wells, though there 
were some cisterns In the town. The deeper dug wells get bard and irony 
water from the Chesapeake marls. As the town was without sewers, and 
the location and surroimdingB of some wells made their pollution easy, and 
as water from these wells may travel through the marls a considerable 
distance without undergoing purification, the quality of the water from the 
dug wells in the central part of the town was not above suspicion. 
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The deep wells at William and Uary College, the Eastern State Hospital 
for the Insane, the ice plant, and the knitting mill, particulars of which 
are given in table 5, tap coarse greenieh sands full of shell fragments 
near the base of the Chesapeake. The water rises about 35 feet above mean 
high tide in James River, and as the surface elevation is 60 to 80 feet, 
pumping is neceseary. At William and Mary College, the knitting mill, 
and the ice plant, deep well pumps are used ; at the Eaatem State Hospital 
an air-lift. Two wells supply the hospital; one is 8 inches in diameter; 
the other, owned by the Marshall estate, is 6 inches. The supply from the 
first is about 50 gallons per minute and from the second 100 gaJlons per 
minute. Thirty-five horse power is required to drive a duplex air cora- 
presser (air cylinders I814 by 12^ by 12 inches), which furnishes air 
tinder a pressure of 75 pounds per square inch to both wells. The water 
runs to a reservoir, whence it is forced by a steam pump to an elevated 
tank. Both wells still throw considerable sand containing fragments of 
Miocene shells up to several inches in diameter, though the wells have been 
pumped steadily for over 10 years. The water is used by about 1,000 
persons. An analysis made by Dr. W. H. Taylor, State chemist, is given 
in recalculated form in table 8. An increased supply for the asylum, if 
needed, can be obtained without great difficulty by deepening the present 
wells, or by sinking new wells 200 feet or so deeper. 

The well at William and Mary College has a deep well pump, geared to 
a 4-horBe power gasoline engine. The yield is about 50 gallons of water 
per minute. The water is forced to a 30,000-gallon tank on a steel tower 
75 feet high. About 200 people used this water in 1906. 

The general similarity of the water from the Williamsburg wells is 
shown by the analyses in table 8. Except for a tendency to foam it works 
well in a boiler, neither forming scale nor corroding. In the open air it 
corrodes iron, and tanks on steel towers need to be kept tight to prevent 
damage to the towers. 

Of the wells on York Biver, one of the most notable is that of W. H. 
Davis, 2.35 feet deep, on Taskiuash Creek, 2 miles north of Croaker. The 
water has been sold in small amounts for medicinal and table purposes. 
An analysis, recalculated from one furnished by the owner, is given in 
table 8. 

A fiowing well on Chisholm Creek, 8 miles southwest of Lightfoot, 
owned by the Powhatan Fish and Gun Club, gets water from a mid-Chesa- 
peake bod at 148 feet. 

The fiows from recent wells near Jamestown Island deserve particular 
notice because of their volume and heart. The wells (see table 8) get 
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water between S70 and 300 feet below mean high tide in greeneands that 
in places contain pebbles over a half inch in diameter. One of these wella, 
that of W. H. Ayers, is but 3 inches in diameter yet flows 85 gallona per 
minute at an elevation of about 15 feet above high tide; the head is 43 
feet. This well, at the time it was completed, had perhapa the best flow 
of any in Tidewater Virginia having the same diameter. The green- 
aand of the water bed contained pebbles of quartz and siltcified limestone 
nearly 1 inch in diameter, Frank Carman, the driller, procured from a 
nearby well belonging to Ghas. Babcock a series of samples, from which and 
hia notes the following log has been compiled : 

Record of well of Charles Babcock, 1 mile north of Jamestown. 
(Authority, Fraalt Carman, driller.) 



Material 


Ihickness 

(Feet) 


Depth 

(/■•eel) 




e 

10 
30 

45 

10 
30 
10 
13 

16^ 

«% 

46 
26 
3 

2S 

5 

4 
21 
10 












Dark bluish clay (dark greenish, slightly sandy, micaceous 








Shell marl, hard layer of Bhel'l rock, drill dropa in going through 


139 






Very hard gray soad, light atream of water at about ITO 
feet, would not rise to aurface (sample at 173 feet contained 


178^ 




Coarse black luuid (quartz sand full of dark green to black 
glauconite; sharks tooth at 198 feetj light stream of water 








Blue marl, at wells nearby a stiff red clay which choked pipe 
Black sand (coarBB quartz sand full of dark glauconite) runs 

badly and clogs drill pipe, water at 260 feet 

Shell bed in sand 


264 

280 
285 






Sand, with coarse gravel ; watcr-beuring 


320 



Other fine artesian wells in the immediate vicinity are owned by J. II. 
Franklin and S. W. Grimes. On Jamestown Island, in the rear of the 
ruins of the old church, a well 6 inches in diameter was sunk in l!tl)5 for 
the Society for the Preservation of Virginia Antiquities, that owns the 
ground on which stands the ruins of the church and of Lord Ware's resi- 
dence. The well flows about 40 gallons per minute at an elevation of 8 
feet above high tide. The greensand water bed contains large pebl)les. 
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The water from all the welk near Jamestown Island reseinblee that 
from the wells at Williamsburg. A field asBay of a sample from the well 
of W. F. Ayers is given in table 8. 

The villages in the county, escept Bacon, Jamestown, and lola, stand on 
high ground near the line of Chesapeake & Ohio Hallway, and get water 
from dug wella. In places, as near lola, a spring yields hard water, while 
a well nearby gives soft water. Such an occurrence of soft water below 
hard is to be explained by inequalities in the contact between the Chesa- 
peake and the overlying beds. The spring flows from a marl bed in the 
Chesapeake, while the well on the terrace below does not reach the Chesa- 
peake. The well showed the following section : 



Record of well at lola. 






Material 


Tbickneaa 

(Feet) 


Depth 

(Feel) 






20 














Sard, pebbles, and cobbles; water 


6 


30 



The depths of wells, character of water bed, and quality of water at 
several post villagt^s are shown in the following table : 





Details 


of 


some 


dug wells 


n James City County. 




Location 






, Depth 

(Feet) 


Water bed 


Quality of 
water 


Bacon .. 
Diasoond 
Ewdl ... 
Tola .... 
Toano . . . 








. j 10-15 
.1 16-fl2 
.1 30-40 
. 10-30 
..1 20-40 


Sand 
Sand and claj' 
Sand and marl 
Sand and marl 
Sand and gravel 


Soft and hard 

Soft and hard 

Soft and hard 

Soft 



Conclusions. — Good artesian water can be had nearly everywhere in 
James City County, but flows can not be expected at elevations greater than 
30 feet above tide level. The entire practicability of supplying Williams- 
burg with soft water free from bacteria is shown by the deep wella already 
drilled. Larger flows than those now obtained can be had by going to 
sands 200 feet deeper. 

EOO Airo Q1TEEN COUNTT. 

General description. — King and Queen County, formed from Xew Kent 
in 1691, lies north of York and Mattaponi rivers. Walkerton, the largest 
village, has a population of about 250. 
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Most of the southern part of the county lies between Uattaponi and 
Fianketank rivere, but much the larger portion of this part and all the 
northern part drains to the Mattaponi RtTer, Forge Mill Swamp, and 
Chesetank Creek being the most important tributaries of the Mattaponi ris- 
ing within the county. Pianketank River, which rises in Dragon Swamp, 
is peculiar in having no important tributaries tlironghout its course. The 
general relief of the county is like that of much of Tidewater Virginia. 
The divide between Pianketank and Mattaponi rivers is formed by the undu- 
lating Sunderland plain, which, is deeply trenched by tributaries of the 
latter stream. Lower terraces are found along the rivers. The maximum 
elevations of the Sunderland range between 180 feet at the northwest end of 
the county, and 100 feet near the southeast end. 

Geology. — The greenaaods of the Nanjemoy formation (Pamunkey) 
and the sands of the Calvert and Choptank formations (Chesapeake) are 
exposed along Mattaponi Kiver. The Pamunkey greensands and shells 
show above low tide level from Beverly Creek to above Walkerton. 

The Potomac beds are deeply bnried. Of the aurficial formation of the 
Coastal Plain, the Lafayette does not reach as far east as the western end 
of the county, hut all the Columbian formations are present, their clayey 
and sandy loams forming much the greater proportion of the soils. These 
formations, the Sunderland especially, are more pebbly toward the western 
end of the county. 

UNDERQHODND WATBE3. 

Distribution and qualitp. — The existence of water-bearing sands in the 
Chesapeake, Pamunkey, and Potomac formations has been proved by 
artesian wells along Mattaponi River. Most of the wells, at Walkerton 
and below, get water from Pamunkey greensands, or possibly sands of 
Matawan age, though in the lack of fossil evidence it is not possible to say 
that Upper Cretaceous beds extend as far west as King and Queen Court- 
houae. None of the sands tapped gives flows at over 40 feet above sea level. 

All the artesian waters are soft and alkaline from bicarbonate of soda. 
The iron and lime content are generally low; the proportion of common 
salt present is remarkably low under the western part of the county, but 
increases a little toward the east. Most of the flows are not noticeably 
sulphur- bearing. 

The shallow waters vary; moat of those in the Sunderland and Wicomico 
formations are soft. Shallow water in Chesapeake beds is liable to be hard. 

Springs. — Springs are numerous, as stream valleys and gullies cut 
through the Sunderland and later Columbia formations and expose the 
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less permeable beds of the Chesapeake. Many of these springs are of fair 
size, but Qone is of eonunercial importance. 

Wells. — Dug wellfi ranging in depth from 10 to 40 feet are the principal 
sources of domestic water supply. Driven wells are comparatively few. 
Along Mattaponi Biver is a considerable number of drilled wells, 120 to 
300 feet deep. 

LOCAL SUPPLIES. 

At Walkerton dug wells were for many years the sole source of 
domestic supply. Now there are only three or four dug wells, which are 
mostly at bams. They get water at depths of 18 to 35 feet in the terrace 
above Mattaponi Biver. Water for drinking and household purposes, also 
for a pickle house, is obtained from artesian wells of which over 20 have 
been put down. All but one or two get water from Pamunkey sands which 
lie 200 feet or more below tide level. The deepest well, that of John A. 
Mitchell, was bored for coal which was supposed to underlie the village. 
It went down 372 feet but found no coal and no flow below a free one at 
about 250 feet The shallowest well, that at the steamboat wharf, is said 
to be but 180 feet deep, yet it flows a good stream. One well owned by the 
Mattaponi Pickle Co. gets its flow from the Potomac at a depth variously 
stated as 330 and 350 feet, but found several flows above the one developed. 

No records of the Walkerton wells were kept, but all the beds went 
through "rock" and found water in black or gray sand below. One well 
drilled in 1906 flowed a little sand for a few months after it was com- 
pleted. This sand which came up through a %-inch pipe extending to the 
bottom of the well, 235 feet, consisted of medium fine quartz grains with 
black and dark green granules of glauconite. 

The later wells at Walkerton have casing to the first rock struck or have 
pipe to the bottom, but the earlier wells were cased only about 20 feet. 
Many of these wells undoubtedly leak below the casing, have become 
clogged by sand, and have had their yields reduced by wells at lower ele- 
vations, tapping the same bed. Some wells on the terrace, 30 feet above 
the river, flow very weakly at high tide and at low tide barely drip, though 
when flrst completed they flowed strongly. The original head of the deeper 
Walkerton wells was probably 35 to 40 feet above mean high water. 

All the wells yield alkaline water, which at most wells has a faint 
sulphur odor. The fleld assay in table 9 shows the softness, the low 
chlorine content, and the decided alkalinity, characteristics of the flows. 
This water can lie used in a horizontal boiler, but foams badly in a vertical 
boiler. 

Above Walkerton on Mattaponi River is a fine well, drilled at the 
bottom of a bluff in front of the residence of A. B. Gwatbmey. It is but 
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190 feet deep, but flowed at an elevation of 8 feet, fully 35 gallons per 
minute. The head is 35 feet, so that while the water will not rise to the 
level of the ground on which the house stanctfl, 40 feet above the river, it 
can easily be raised by a ram. The water bed is described aa black and 
green sand below a rock. Samples showed the rock to be a medium-coarse, 
indurated sand, containing much dark glauconite and many shell frag- 
ments; it might be tenned a glauconitic sandstone. At a 275-foot well, 
owned of John N, Ryland, half a mile from the river, the water rises to 
17 feet from surface or about -10 feet above tide, and has to be pumped. 

Below Walkerton, near the mouth of Mantapike Creek, a 150-foot well, 
owned by the Mantapike Canning Co., flows 20 ftallons per minute of ex- 
cellent water from basal Chesapeake beds. The actual cost of sinking was 
about $35. 

At King and Queen Courthouse a deep well, owned by the county, for- 
merly flowed, but in 1906 was pumped, the water rising about to the sur- 
face. It threw much fine sand which contained grains of glauconite. 

Along Mattaponi Biver below the Courthouse and along York River are 
many flowing wells. At Chain Feny are two about 168 feet deep. The flow 
comes from the same Chesapeake beds that supply moat of the many wells 
at West Pomt, and the waters are of essentially the same quality, soft, 
alkaline, and slightly sulphuretted. (See field assay in table 8.) 

Near the east end of the county a well near Gressitt, belonging to W, F. 
Anderson, is cased to rock, and after being in use 11 years flowed 8 gallons 
per minute at 11 feet above tide. It taps the same beds as the wells at 
Chain Ferry, and the water is of the same general quality. 

A number of villages report the data shown in the following table: 



Deluils of dug wells in King and Queen County 




I.ocntion 


Depth of 
well 

(FetiJ 


Water bed 


Quality of 
water 


BiBcoe 


IO-50 
30-75 
20-(tO 
20-50 
20-40 
10-40 
15-50 
30-40 
30-50 
30-50 
25-40 
20-30 
14-24 
15-25 
22-45 


Clay, rand ond gravel 

Saad 

Sand 
Sand and marl 

Claj' and sand 
Gravel and Band 

Marl 

Snnd 

Sand 
Sand and marl 

Oiavel 

Sand 
Marl and sand 


SAft 
























Slightly hard 
Hard 


Fovor 






















StevenaviDe 


Hard 



yGoogIc 



204 UNDEKOROUND WATKH RBSODBCBB OF COASTAL PLAIN PEOVINCE. 

At Edna the deeper wells go through soil, yellow clay, and thin beds 
of white aod yellow ssnd to about 35 feet, finding water in white sand and 
small gravel below iron crusts. 

At Favor the average section of 3G-foot wells shows red and yellow loam, 
black "fullers earth," "rock," and shell marl; while at Plainview wella 
go through loam, clay, white sand, and fullers earth, below which is shell 
marl. 

Conclusions. — Artesian water of good quality can be had under the 
whole of King and Queen County, but flows can not be expected at eleva- 
tions of over 30 feet above tide. In places where the interference of wells 
has resulted in diminished yield, more water under higher heads can be had 
by going deeper. Places on high ground can avail themaelvea of the soft, 
germ-free artesian waters by pumps, but at elevations above 50 feet the wells 
should be of sufficient diameter to permit the use of pump barrels inside the 
casing. 

KIKO OEOBOE COTTNTT. 

General description. — King George County, formed from Richmond 
County in 1720, occupies the west end of the Northern Neck, the peninsula 
between Potomac and Rappahannock rivers. The county contains no laige 
towns and no large villages. Some of the farms are owned by men of 
wealth who are remodeling the old mansions and installing water supply 
plants drawing on artesian flows. 

Lying near the western edge of the Coastal Plain, and having tidal 
rivers on two sides. King George County has greater relief than most 
counties of Tidewater Virginia. As a rule the divide between the rivers 
is rather narrow, and is much dissected; it comprises portions of the 
Lafayette and Sunderland plains. The Lafayette plain has an elevation of 
320 feet near Boscobel farm. King George Courthouse stands on the Sun- 
derland plain at an elevation of 130 feet. 

Geology. — Potomac, Pamunkey, and Chesapeake deposits underlie King 
George County; the first are not exposed, but the Pamunkey clays and 
greensands are exposed along Potomac River from the county line to 
Ttlathias Point, and along Rappahannock River from 10 miles below 
Fredericksburg to 4 miles below Port Royal. At the western aide of the 
county the Pamunkey beds rise 125 feet above tide level; at the eastern 
side their surface is just below tide level. Their total thickness is 800 to 
250 feet, and the Potomac-Pamunkey contact dips east 12 to 35 feet to the 
mile, its depth below tide varying from 50 to 220 feet. 
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The Calvert formation of the Chesapeake containe much diatomaceous 
material, especially in the southeaBt corner of the county near Wilmont 
Landing on the Rappahannock, where dry fragments of the light-colored 
diatomaceouB clays float when they fall into the river from the conspicuous 
bluffs. 

The Chesapeake sands, clays, and marls are mantled by the buff and 
yellow Lafayette and Columbia loams with beds of sand, gravel, and cobbles. 
Boulders 5 feet or more long are found in the lower terraces. 

UNDERaBOCKO WATERS. 

Distribution and quality. — The waters in the Columbia sande vary in 
quality from clear and soft to irony and hard. Although the Potomac 
sands underlie the whole county, and undoubtedly contain much water, few 
wells have been sunk to them. The basal sands of the Aquia formation of 
the Pamunkey contain supplies of soft water. The Chesapeake, as it lies 
above sea level, contains no sands that yield flows. The ahallow Chesapeake 
waters are generally hard. 

Springs. — Because of the dissection of the surface the county contains 
many springs, mostly of small size. A few are used for domestic supply. 
None of copimercial importance has been reported. 

Wells. — Dug wells with wood lining are the main source of domestic 
supply. Because of imperfect drainage, wells located on the lower and 
flatter terraces are particularly liable to contamination by surface watery 
and some of the backyard wells with decayed lining, through which ail 
manner of filth drips at every rain, are a continual invitation to visitations 
of typhoid fever. Driven wells are much preferable from a sanitary stand- 
point, and the deep flowing wells are inespenaive in comparison with the 
security they give. 

LOCAL BUPPLIES. 

Rappahannock River. — Two miles east of Sealston is a 250-foot flowing 
well drawing on Potomac beds, owned by John Curtis. It is on a terrace at 
an elevation of about 35 feet above tide, and flows two-thirds of a gallon per 
minute. It is noteworthy for showing variations of flow, due to fluctua- 
tions of atmospheric pressure, as stated on page 38. The water, used for 
drinking, is not bo soft as the Pamunkey flows, but is of excellent quality. 
No record was kept of the formations penetrated; the well was driven to 
347 feet and drilled below. The flow is from "quicksand." 

At or near Port Conway are several flowing wells drawing on the sands 
at the base of the Pamunkey or on Potomac sands. Que supplies water for 
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a canning factory; another at the residence of R. V. Tliinter is harnesac<l 
to a small ram that supplies the house; and a third at Oakenbrow farm. 
owned by Dr. J. H. Low, flows only about 2 gallons per minute at the level 
of the terrace on which it stands, but by a gasoline engine and pump 200 
gallons per minute can be forced to a tank at the residence, on a bold head- 
land of the Sunderland terrace, 100 feet above the well. 

The character -of the material penetrated at Port Conway is indicated 
by the following generalized section : 

Record of well of R. Y. Turner, Port Conway. 
(Authority, 0. D. Hale, driller.) 



Sand and gravel 

Light and dark ela; (blue and lesd-colored) .. 
Sand ; wattr^bearing ^ 



The flows of the Port Conway wells are clear and soft. The water has 
a slight odor of "sulphur" when fresh from the well. (For field assays see 
table 8.) 

The exact depths of the wells at Wilmont Landing could not be ascer- 
tained, but they probably tap the sands near the base of the Pamunkey 
about 375 feet below sea level. 

On the wide terrace along Rappahannock River, near Sealston, is a 
-considerable number of driven wells. From one the following record was 
reported : 

Record of well of Frank Taylor, £ miles south of Sealston. 







Thickness 

(Feet/ 


Depth 

(Feet) 




3 
3 

4 

2 


















IS 



This section is said to be Gharacteristic of driven wells in the vicinity. 
.Potomac River. — Several flowing wella have been drilled along Potomac 
River from Chatterton east. The waters are from near the base of the Aquia 
formation of the Pamunkey, or from the Potomac. 
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A well on Matliias Point is reported to have sliown the following secfic 
Record of weU of C. H. Pemherton, Matliias Point. 



Mnterifll 


■rhickneas 
(Feet) 


Depth 
(Feet) 




no 

35 
5G 
20 
30 
30 
35 
























Sandstone and clay; stone at 227 feet, water at 23(1 te*t. . . 


236 



ThiB well has only 16 feet of easing, hut a 1-inch pipe runs to the 
bottom. The water, soft and clear, is used for household purposes. A 
field assay of a sample is given in table 9. 

Near Pluck, Dido, and Vivian are several flowing wells that were drilled 
at oyster and fish-packing houses. The reported depths range from 175 
to 300 feet, but most of the wells probably draw on the Aquia sands. A 
flowing well near Pluck is but 50 feet deep, and its irony water evidently 
comes from a bed high up in the Nanjemoy. 

At King George Courthouse are 7 or 8 dug wells, 40 to 50 feet deep, 
that get water from yellowish sands at the base of the Sunderland forma- 
tion, or at the top of the Chesapeake beds. The quality is fair. Conditions 
at some of the settlements dependent on dug wells are shown below: 

Details of some dug wells in King George County. 



Water bed 



Edgchill 

Hampstead . . . 
Passapatanz; . 
Boll ins Fork . 
Shiloh ,,,. . . . 



25-60 
00-100 
lS-90 
40-65 
30-50 



Sand 

CIkj and sand 

Clay, sand and marl 

Gravel 

Sand and marl 



Soft 

Good in deep wells 
irard in deep wells 

Soft 

Soft 



Near Hampstead dug wells penetrate Z5 feet of loam and clay, 13 feet 
of gravel and sand, and find water on the top of the Chesapeake marl. 
Here and at a number of other points in the county digging into the dark 
bluish, sandy clay or "marl" of the Chesapeake obtains a scanty supply of 
■water of poor quality for domestic use. 

Conclusions. — Good artesian water, soft but alkaline, that will rise 
20 to 30 feet above sea level can be had at nearly all places in the county. 
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KIHO WILLIAK COXTHTT. 

General description. — King William County lies between Uattaponi 
and Pamunkey rivers, extending Bome 30 miles northeast of the point where 
they unite to form York River. At the junction of Pamunkey and Matta- 
poni rivers is the city of West Point, with a population of 1,397 in 1910. 
The county is rather sparsely inhahited and contains few large villages, 
some of the larger being Lester Manor, Cohoke, King William, and Aylett. 

TopogTapliy. — The topography is diversified. The northwestern portion 
of the county approaches the western edge of the Coastal Plain, and the 
Lafayette terrace extends into it, hut most of the surface is formed by Lhe 
Sunderland terrace, which is deeply cut by stream valleys. Along both 
Pamunkey and Uattaponi rivers aie expanses of the Wicomico and lower 
terraces, especially the Wicomico, which contain much good farming land. 
The elevation of the Lafayette terrace is about 200 feet, while that of the 
Sunderland is 180 feet in the northwestern part of the county, and 110 feet 
in the southeastern part. The Wicomico terrace varies in elevation from 
50 to 90 feet, and the other lies below 60 feet. 

Geology. — Potomac, Pamunkey, and Chesapeake beds underlie the 
county, but the Potomac beds are not exposed. The top of lhe Potomac 
may be 200 feet below tide level on the northwestern boundary of the 
county, and 400 feet below at West Point. 

The greensands of the Aquia and Nanjemoy formations of the 
Pamunkey group outcrop along the Pamunkey River from the west end of 
the county to Piping Tree Ferry, where they disappear below the tide level. 
Above the Pamunkey are Chesapeake sands and clays more or less covered 
by Lafayette or Columbia gravels, sands, and loams. The base of the 
Chesapeake is 20 feet above tide level on the Pamunkey near Hanover 
Courthouse, and 180 feet below at West Point. The base of the Pamunkey 
group is 150 to 350 feet below. In the Wicomico and Talbot formations of 
the Columbia, particularly along Pamunkey River, arc many large sub- 
angular boulders. 

rxnmiGiiOL'ND watrfis. 

Distribution and quality. — Ground water that supplies springs and 
shallow wgHs is found in the Pamunkey in the western part of the county, 
in the Chesapeake in the eastern, and in the Lafayette and Columbia terrace 
materials. Its quality generally is excellent. Artesian waters underlie the 
whole county. The Chesapeake and Pamunkey groups furnish fine flows 
in the eastern part of the county. At the western end of the county, where 
the Chesapeake lies above tide level, water that will rise above tide level 
can be had from the Potomac, but few wells have been drilled to it. 
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']')u' Pamimkey ami basal Clieeapeake waters differ imt little, being 
delightfully soft, and more or less alkaline from the presence of bicarbonate 
of soda ; some are slightly sulphur-bearing. 

Springs. — There are many springs in King William County, but few 
tliat are of especial note and none of commercial importance. 

Wells. — Dug wells are the main source of supply over inoBt of the 
county; but. exc-ept Southampton County, there is no county in Tidewater 
Virginia having more drilled wells, as a large number have been sunk in 
the city of West Point. The drilled wells are nearly all of email diameter 
and the great majority draw on Calvert beds. The flows of properly drilled 
and cased welle are generally free, but the waters do not rise more than 
about 55 feet above tide level, hence there are not many wells on the 30 to 
50 foot terrace along Pamunkey River above Eleing Green. 

LOCAL BDPPLIES. 

Aylett, on Mattaponi River, noted in colonial times for its export ship- 
ments of com, lias only three dug wells, which are from 80 to 65 
feet deep; two sunk over 60 feet obtained scanty supplies of hard water. 
Several families use the water from a spring just below the terrace on 
whivb the village stands. 

Two artesian wells on the terrace, 25 feet above the river, get clear, soft 
water in basal Pamunkey beds at 160 feet below mean high tide. One of 
these wells, owned by J, C, Fox, was put down at a total cost of but $40. 
The small flow, one-third of a gallon per minute, is due to the elevation, 
and possibly also to there being only 80 feet of 8-inch casing in the well, but 
the flow suffices for domestic purposes and for 20 head of stock, the over- 
flow from a tank at the well being piped to the bam. This well is said to 
have gone through 80 feet of Columbia loam and sand, some 60 feet of 
"fullers earth" or fine dark clay, and then through beds of shell marl and 
rock, five or six "rocks" in all, before flnding water in a gray sand. Xo 
flows were found above the one used, and the head of this is about 35 feet 
above mean high tide in the Mattaponi. A complete analysis of a sample 
of water from this well appears in table 8. 

The other well, owned by Dr. J. B. Moore, also has only 20 feet of cas- 
ing, but a %-inch pipe goes to the bottom of the water-bearing sand at 
ISO feet. 

West Point is situated on low land, mostly not over 15 feet high. Along 
the rivers were formerly open marshes. Owing to the low elevation, a water 
table near the surface, and a sandy soil, the dug welts or driven pumps 
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wliicli were once tlie chief source of supply, were particularly liable to pollu- 
tion, and the city once had a reputation for malaria and typhoid fever. 
Since the introduction of artesian water there has been a great improve- 
mpnt in public health, and local physicians claim that cases of typhoid 
fever originating in the city are practically unknown. The total number 
of drilled wells may lie 300. They range in depths from 110 to 360 feot. 
but nil draw on one or more of three water beds; the first at 110 to 120 
feet, the second from 160 to 170 feet, and the third from 320 to 340 feet. 
The first, low in the CheEapeakc, yields scant supplies of water having a 
decided sulphur odor and is now little used. The second, in basal Chesa- 
peake beds, yields water that has a very slight sulphur odor, and to it the 
pient innjorr'y of the wells in the city have been drilled. The third, in the 
Pamunkey, yields water much like that from the second, but it hns been 
tapped by comparatively few wells. The two upper horizons once had 
strong heads, 15 to 35 feet, but the drilling of many poorly cased wells, and 
the constant flow from wells near the shore but a few feet above tide, have 
grciitly lowered the heads in both sands, so that wells to the 130-foot sands 
will not flow at more than 4 or 5 feet above tide, and those to Ihe 165-foot 
at not over 10 feet. This loss of head through interference has been dis- 
cussed on page 71. Wells driven to the third flow are put down with 
care, and are usually eased to the bottom. The head of this flow is about 
30 feet above tide. 

.All the West Point wells feel the rise and fall of the tide, and many 
flow at high water and do not at low water. The largest well at West Point 
was put down for the Southern Railway, The record was destroyed by a 
fire, and detailed records of the many email wells have not been kept. 

The following generalized section was given by one of the most careful 
drillers in the city. 

Generalized section at West Point. 
(Authority, J. V. Bray, driller.) 

Mnttrinl 






Loam or niorali mud 

Fallers earth 

White sand and shell, water ii 

Shells, no sand 

White sand 

Qreensand 

Shells, gecond flow at 160 feet 

Thin bed of reddish clay 

Black aand and gravel, third flow in gravel at 320 feet. . 




Another record of a well drilled near the post-office is as follows: 
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Record of well of Wm. Wkeelur, West Point. 
(Anthority, J. Prank Smith, driller.) 



Material 


[Thickuesa 

(Feei) 


Depth 

(Feel) 




.1 16 

40 

. 140 

.1 80 




Fine white sand, BDiall stream of sulphur water at 112 feet.. 


126 






Black aand witli -Tjeautiful gravel" at 316 to 820 feet 

RookH with uind below 


320 
400 



Arteaian water ie used at West Point for all domestic purpoBes and for 
boiler supply. The large number of wells drilled and their low cost, drillers 
asking but $50 for a 2-inch well to the second flow, delayed the installation 
of a public waterworks system. The present system, described on page 78, 
distributes water from wells tapping the 336-foot flow. The bacterial 
purity of this water is beyond question, and the quantity obtainable with 
ordinary care in development should be sufBcient for years to come. Field 
assays of the water from several wells in West Point, and a complete 
analysis of water from the 165-foot flow, taken from a well at Beech Park, 
the property of the Southern Railroad Co., are given in tables 8 and 9. The 
water is notable for the percentage of sulphates. 

The water from both the 165-foot and 335-foot wells lias a tendency to 
foam in a boiler, and works beat in horizontal boilers. It is, nevertheless, 
used in vertical marine boilers by tugs and other river craft. With a 
horizontal boiler it is the custom to blow ofl! some wat«r every few days 
to prevent the water from becoming too concentrated. The artesian water 
is much used at the large oyster houses for washing oysters. For this pur- 
pose it is most admirably suited, its bacterial purity making it especially 
desirable for washing shucked oysters. 

In or near Lester Manor about 10 drilled wells find flows in fine to 
coarse Pamunkey sands that contain much dark green glauconite, and many 
shell fragments, a greensand marl. The following generalized record was 
furnished from memory : 

Record of well of John G. Robins, S miles west of Lester Manor. 
{Authority, H. E, Shrimp, driller.) 



Material 


Thickneaa 

(Feet) 


Depth 

(Feel) 










30 
90 




Fullers earth 


200 
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The water bed at this well ie a medium quartz sand contaioing much 
glaucoiiit«. 

On Pamunkey River above Lester Manor, welia have been driven at 
Eleing Grees, near Falls, and southeast of Maaquin. The driller gave from 
memor}' the following record of one of the wells at Elsing Green': 

Record of well of Roger Gregory, al Elsing Green. 
(Authority, H. E. Sfarimp, driller.) 



Loud and gravel, snrface water 

Bluish MUidy clay 

Rock, full of fossil ahelU 

Blsiafa slightly sandy day, lighter than clay above, water at 



Soft greeniah rock, sandy in plscet, no shells ii 



270 



A aample from a reported depth of 300 feet waa a coarae quartz sand 
containing much glauconite. 

The veils southeast of Manquin may draw on the Potomac flows; one of 
these, owned by C. 6. Chapman, 6 inchee in diameter and 337 feet deep, 
yields 6i^ gallons per minute of aoft water that is piped to half a dozen 
places about the farm buildinga, and is uaed in steam boilers (for analysis 
see table 10), The following record was furnished from memory by 
Edward Williams : 

Record of well of C. B. Chapman, 1 mile south of Manquin. 



Material 



Loam, clay and sand 10 10 

Harl tind greensand with shells 176 186 

Stiff blue clay « 226 

WhiU sand with waUr 12 237 

The water sand is medium coarse and c<HitAins flakes of mica. 

Si-veral flowing wells have been drilled at Cohoke to the Pamunkey 
horizoD tapped at Lester Manor. The driller gave the following record 
of one : 

Record of well of J. N. 0. Johnson, near Coholre. 
(Authority, H. E. Bhlmp, driller.) 





>bterUl 


Thicknew 

(Feet) 


Depth 

fFeetJ 


























(Juicksaud, water . . . 






240 
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The water bed is a medium coarse quartz sand containing much dark 
green glauconite, and many fragments of shelle. 

On Mattaponi River opposite Wallterton are welle which draw on 
horizons tapped at Walkerton, mentioned in the description of King and 
Queen County. 

An attempt was made about 30 years ago to obtain artesian water at 
King William Courthouse. A well some 350 feet deep found water, but, 
since the courthouse stands on the Sunderland terrace at an elevation of 
135 feet above tide water, no flow was obtained and the well was abandoned. 
It is stated that the water rose to within 17 or 18 feet of the surface, but 
since the heads of the flows at Walkerton, a few miles away, are under 40 
feet, this seems altogether unlikely. 

At some of the villages in King William County which depend on dug 
wells conditions are summarized as follows : 

Details of dug wells in King William County. 



Depth or ' 
wells I Water bed 

(Feet I 







1 






19-75 
20-40 

20-40 
20-46 

15-80 








Snnd and gravel 


Fair 








(lay and sand 










Sand 
(lay and Band 













Conclusions. — Enough wells have been driven to show the entire 
practicability of getting flows of soft alkaline water at elevations of less 
than 35 feet over nearly all of the eastern part of King William County. 
Where wells have been closely driven and have been allowed to flow without 
restraint, as at West Point, resulting in general loss of head, more abundant 
flows under higher head of as good water can be had by going deeper. 

On high ground, as at King William Courthouse, flows are impossible, 
but the artesian water can readily be obtained by the use of deep well 
pumps. At King William a well 450 feet deep will resch the sand supply- 
ing the Walkerton wells, but the water from these will not rise to 50 feet 
of surface. 

LAKCASTER COUMTY. 

General description. — Lancaster County, formed in 1651, lies on the 
north side of Rappahannock River near its mouth, occupying the southern 
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part of the end of the peninsula between Rappahannock and Potomac rivers. 
The principal settlemente ai« Irvington and Weetns. 

The topography, though the greater elevations are less than in counties 
to the west, shows considerable variety. A high terrace with an undulating 
surface cut by V-shaped creek vallqfs extends eastward nearly to Kil- 
marnock. Lancaster Courthouse stands on it. The maximum elevation in 
the northwest end of the county is 00 feet. Lower terraces are traceable 
along Rappahannock Biver and face Chesapeake Bay. The drainage is 
mostly to the Rappahannock, the county line on the northeast following the 
Potomac-Eappahannock divide. Along the bay coast are many tidal inlets 
and the shoreline is extremely irregular. 

Geology. — Though the sandy loams of the Columbia (Pleistocene) for- 
mations cover most of the surface, shell beds and sands belonging to the St. 
Mary's formation of the Chesapeake (Miocene) group are exposed in head- 
lands along Rappahannock River and in creek gullies. 

The bottom of the Chesapeake lies 360 feet below tide level at the Rich- 
mond County line and nearly 600 feet below at Windmill Point. So far as 
can be determined from well records the underlying Pamunkey (Eocene) 
group is about 100 feet thick, its base lying 480 feet to 700 feet below tide. 
At Windmill Point the top of the Potomac group (Lower Cretaceous) is 
fully 800 feet below sea level, and crystalline bed rock over 1,000 feet 
deeper. 

rXDEROROUNB WATERS. 

Distribution and qualiiy. — The Columbia sands and the top beds of the 
Chesapeake contain much ground water; the quality differs from place to 
place, here soft, there hard or irony. On low tracts near tidal inlets the 
ground water is at times brackish. 

Artesian waters underlie all the county. The water bed most widely 
developed is a coarse sand in the Calvert formation, lying about S^O feet 
below" tide at Whealton and 320 feet below at Irvington. The water is 
alkaline, soft, and sulphur-bearing. This sand either thins out or becomes 
too clayey to transmit water a few miles east of Irvington, and attempts to 
get water from it have had little success. Flows have been obtained from 
Pamunkey sands that lie 500 to TOO feet below sea level, and from Upper 
Cretaceous deposits. The Pamunkey sands, like the Chesapeake, are less 
freely water-bearing toward the east end of the county. 

Springs. — Below the scarp of the high terrace are springs of the usual 
Coastal Plain type, few of which are of especial importance. 
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Wells. — Open dug wells, driven wells, and drilled wells are in use. The 
driven wells arc mostly in the eastern end of the county, the drilled wells 
along inletB from Bappahannock Kiver and Chesapeake Bay. Depths of 
dug wells vary from 8 to 5*0 feet, of driven wells from 10 to 20 feet, and of 
drilled wellB from 100 to over 500 feet. Bug wells in lowlands in, the east 
end of the county are sometimes salted by high tides. 

LOCAL SUPPLIES. 

At and near Whealton artesian wells, drawing on the Calvert sands at 
210 feet below river level, supply drinking water for 200 people, and are 
claimed to have effected a marked improvement in the general health. The 
water is used not only for domestic purposes but also at a tomato canning 
plant and an ojeter packing house. The wells are V^ or 3 inches in 
diameter. The flow from one well is fed to a ram with 4i/^-foot fall ; the 
ram elevates enough water 40 feet to keep full a tank in a dwelling house. 

The following generalized record is reported : 

Record of well of Lewis'Lankford-Tull Co., Whealton. 

Material | Thicknesa | Depth 

"■""" (Feet) . (Ftet) 

Sand ' 22 I 22 

Fullera earth or b)we clay i IB2 214 

Socks and sand, rocks one-half to two inches thick; water at 

261 feet ' 42 ' 250 

This well has 214 feet of l^^-inch casing; the flow is given as 16 gallons 
per minute at 8 feet above the river. 

0. I). Hale, who has drilled many wells along Eappaliannock River, 
reports the following generalized section: 

Generalized section at Whealton. 
(Authorit}', 0. D. Hale, driller.) 
,,„, ,.., I Thickness I Depth 

^""'" I fP..<; I fFiij 

Sand and light eta; 65 Go 

Fullers enrth or blue clay | 70 \3a 

Kocks nnd sand, rocks ^ inch to ft inches thick. ! 46 IHO 

CUy and sand 03 273 

Thin rock, with varicolored sand below, water 273 

Essentially the same beds are tapped by wells farther down the river 
near Monaskon. 
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Xear Bertrand, Milleobeck, WeemB, and Irvingtou, perhaps 30 wells 
from 270 to 580 feet deep, have been drilled for domestic supply and other 
purposes. The wells at Bertrand, used for washing oysters and for house- 
hold supply, get water from sanda in the Calvert formation about 265 feet 
below river level. The water is soft and slightly sulphur-bearing. At 
Millenbeck and Merry Point the wells reach water of about the same quality 
at 200 to 210 feet. At Weems and IrvingtOD most people get water from 
dug wells 15 to 35 feet deep. The towns are on a terrace with maximum 
elevation of about 30 feet. The wells at Weems go through sandy loams 
and clays and find water, soft, hard, and irony, at 12 to 20 feet, in a thin 
sand bed that overlies a hiack mnd or clay. A mile west of Weems a dug 
well found Ihis black clay 20 feet thick. Near the edge of the terrace at 
Irvington the dug wella, 25 to 35 feet deep, get aoft water. About 10 per 
cent of the wells in the town are bricked, 30 per cent cased with tile, and 
10 per cent with wood. The recent wells are nearly all cased with tile. 
There are many driven wells in the vicinity of the town, most of them 
about 20 feet deep. Some wells close to the inlets got brackish wat«r. 

The drilled wells near Irvington and Weems penetrate two important 
water sands, one about 330 feet below sea level in the Chesapeake group 
(Calvert formation), and the other between 200 and 240 feet deeper in the 
Pamunkey group. The wells driven to the first sand are 1^^ inches in 
diameter and yield small flows, 14 to 2^^ gallons per minute, of soft, 
alkaline water having a decided sulphur odor; the head is low, possibly 
10 feet. A 3-ineli well at a fish factory at Irvington and another at a 
country residence across Carters Creek from Weems get excellent water, 
under a head of about 35 feet above tide, that has no sulphur odor. The 
well (it the fish factory is said to have flowed 58 gallons per minute at an 
elevation of about 5 feet when first completed ; this flow was cut down to 
.about 40 gallons by screening.. The water keeps well in vessels and is said 
to work well enough in a horizontal boiler, but primes in a vertical boiler. 
The well on the Francis estate had in 1906 a measured flow of about 35 
gallons per minute at 6 feet elevation. It is used for general purposes. 
Field assays of samples from several wells are given in tables 8 and S. 

The following partial analysis of the water at a 330-foot well at the 
fish factory in Irvington was furnished. 
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Partial analysis of 330-foot well Carters Creek Fish Guano Co., 

Irvington. 

(Aiulfst unknown) 

Part* per 1,000,000 

Calcium carbonate (CaCO,) 14.0 

Calcium sulphBte (CaSOi) 4.7 

Magnesium carbonate (MgCOi) S.4 

Sodium chloride (NaCl) 122.0 

Iron oxide (Fe^,} 12.0 

Sand, clay, etc 41 .0 

Organic matter 08 , 

The prices for drilling at IrvingtoD have varied. Some li^-inch wells 
to the firat flow cost $100 ; the 3-iDch welU to the deeper flow coat about 
$8 pet foot. 

Along the river below Irvington, at Whitestone and Westiand, two 
attempts to get flows resulted in failure, the drillerB not having had strong 
enough rigs. Northeast of Irvington on inlets from Chesapeake Bay at 
Chase's Wharf, Ocran, and near Kilmarnock, are flowing wells that get 
water 400 to 650 feet below tide level in basal Chesapeake and Pamunkey 
or Upper Cretaceous beds. The water is used for various purposes. Tlie 
flow near Kilmarnock, when the well was just completed, was given at 140 
gallons per minute through a 3-inch pipe. It supplies a fish factory. 

A 660-foot well at Ocran yields an alkaline water tliat is used for 
boiler and other purposes at a fish factory. A partial analysis made by tlie 
Hartford Steam Boiler Insurance Co., and kindly furnished by Lawford 
and McKim, of Baltimore, Md., showed each 1,000,000 parts of the water 
to contain 616 parts of total solids, which included 548 parts of readily 
soluble matter and 56 parts of silica. The soluble constituents were car- 
bonate of soda (large amount), chloride of soda (considerable), and some 
sulphate of soda and carbonate and chloride of potash. 

The following record of a well on Dimer Creek, probably at Chase's 
Wharf, has been published by Darton." 

oDarton, N. H., Op. cit. p. 176. 
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Record of well on Dimer Creel: 



Aratprial 



TouKb bine clay, with 3-tnch sand bed at ITO feet 

Marl with ihella and gravel 

Gravel with good aupply of water which rises to within 10 

feet of Burface 

Blue oUy 

Rock, underlain by coarse utnd mixed with yellow and green 



No record 

Clay 

Ratiier coarse dark sand 

Blue clay 

Sand, fairly coarse, dark bull and white below, T-gallou flow 

of water 

Hard rock, very rouKh, porous 

Coarse sand mixed with clay and mloa, 6-gallon flow of wat«r 

No record 

Rock, quite hard 

Blue clay and sand 



I 443 
404 
474 'A 
476 
478 
5<I71^ 



At Lancaster Courthouse, elevation about 75 feet, an attempt to get 
a flow some years ago naturally resulted in failure. Dug welts in the 
licinily of the Courthouse are 30 to 60 feet deep. The following record 
of the Courthouse well has been published," 

Record of well at Lancaster Courtkovse. 



Material 


Thickness 

(Feel) 


Depth 

(Feet) 




30 
45 
40 

45 

«0 

70 
30 








White and yellow sand intermixed, moderately fine 

Gray «and moderately coarse, some glauconite grains, few 


lis 
jeo 


Greenish-gray fine sanda. mud with aome mica and many shell 

fragments, some glauconite 

Clay, light brownlah-gray in color, few saady streaks, shell 


180 


Clay, light greenish-gray in color 


300 


Some data reported regarding the shallow wells at a 
are summarized thus : 


number o 


villages 



t'Darton, K. U., Op. t-it., p.. 
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Details of shallow wells in Lancaster County. 



lAxsation 


Depth of 
well 

fFceil 


Wnter bed 


Quality of 






24^0 
8-15 
65-70 
10-30 
10-70 
1&-60 

10-flO 

5-15 

8-18 








Santl 


BrackiBh 


HillmbMk 


Sniitl 


Poor 




Shallow, aand; 
deep, cIhv and rock 






Shallow, poor; 
deep, good 






Clay and sand 

Shallow, Band; 
d<>en. clav 















Conclmions. — While the taid-CheGapeake sands tapped by the 330-foot 
wells at Irvington can not be depended on for flows or satisfactory yields 
farther east, carefully drilled wells can get plenty of water at greater 
depths even as far east as Windmill Point. There is nothing to show that 
the water, will be too highly mineralized for general use. At points above 
Irvington where flows from the first sand have been reduced by drilling 
several wells within a small radius, more water, probably of better quality, 
can bt' had by going deeper. Pumping will be required to get water at 
Lancaster Courthouse from either the Chesapeake sands, about 400 feet 
below the Courthouse, or the Pamunkey sands 300 feet deeper. 



JUTHEWS COTTNTT. 

General description. — Mathews County ranks next above Alexandria 
County in small area and in density of population. It occupies the 
peninsula between Pianketank River, Chesapeake and Mobjack bays, and 
has an extremely irregular outline. There are many villages but no incor- 
porated towns. 

The surface of Mathews County is monotonously level, nearly all of it 
lying within the Talbot plain," Prom a maximum elevation of about 30 
feet near the Gloucester County line the surface gradually elopes east and 
south to tide level. Along the eastern shores wide stretches of salt marsh 
fringe the inlets, and the surface slopes so gradually below sea level tbat 
heavy easterly galea drive the bay water far inland. 
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Geology. — In the northwest part of the county gray Cheaapeake sands 
of the St. Mary's formation are here and there exposed in the bluSe along 
Pianketank River; elsewhere in the county only Columbia or Kecent 
material is visible. Near the west side of the county yellow buff and 
reddish loams, seen in road cuts and ditches, overlie more sandy beds. 
Eastward these bright-colored loams grow thinner and disappear, the sands 
become marly, and along the bay front mud and marl predominate. Near 
Port Haywood and elsewhere, dark, ill-smelling mud containing tree roots 
is found at deptlis of 15 to 25 feet and deeper, and the thickness of 
Columbia material may be 50 feet. 

The bottom of the Chesapeake lies 500 to fiOO feet below the surface, 
and the bottom of the Famunkey 100 feet deeper. Evidence as to the 
presence of the Upper Cretaceous is lacking, and nothing is known of the 
Potomac. Crystalline bed rock is probably 2,000 feet below the surface. 

UNDEnCHOUND WATERS. 

Extent and character. — Because of the slight elevation and tlie nature 
of the beds the abundant shallow waters in the Columbia sands are not 
satisfactory at many points in the county, being high-colorcd, ill-Emelling, 
and even brackish. In the western part of the county near North River 
dug and driven wells go through a foot of soil, 12*4 i^^t of "yellow" clay, 
and 4 feet of red clay, finding water in sand below. On ground 20 feet or 
more high, the water is soft and sweet, while on flats the water is poor. 
Many of the shallow wells on higher ground go dry in times of drought. 
Watere from sands at a depth of 100 feet or so vary in quality and in the 
yield to driven or drilled wells; in places these sands afford plenty of ex- 
cellent water, in places they supply but little, and this is irony or otherwise 
objectionable. 

Artesian waters under heads sufficient to give surface Hows underlie 
most of the county, but those bo far found are not satisfactory. The Chesa- 
peake and Pamunkey, beds which afford such abundant supplies in counties 
to the west, apparently are too fine-grained under Mathews County to 
transmit water readily; the waters are under lower head and are more 
sulphur-bearing and irony. 

Springs. — Except in the western part of the county there are few 
springs large enough to be used for household supply. At Dixie, on 
Pianketank River, however, several seeps and springs emerge from a bluff 
of loam and sand. Their total volume is problematical, but two flows, one 
about 10 feet above the other, caught by wood basins, supply a saw-mill and 
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321 



a tomato canning factory on tlie shore below. Tho water is soft, free from 
iron, and worke well in a boiler. Near HiidgioB are two springs used for 
domestic supply and for stock. One owned by N. 0. Miller is said to be 
used by neighbors when their wells go dry. 

IV e/^s.— There are many driven wells in the county, conditions favoring 
their use. In places, however, the fine sands of the water-bed clog pipes 
and cut the valves of pumpB, and dug wells are favored. 



LOCAL SUPPLIES. 

At Mathews most of the water is from dug wells 8 to 13 feet deep, 
which, as the surface elevation ia about 6 feet, seldom go dry, though wells 
close to the river get brackish after unusually high tides. Some of these 
wells are liable to pollution by surface drainage. 

Besides the dug and driven wells there are a few cisterns in the village. 
Several attempts to get artesian water at the Courthouse have not resulted 
satisfactorily. The last well found water between 100 and 150 feet, and, 
according to the driller, a stronger flow at 817 feet. The water has a head 
of only 6 feet, and the yield in September, 1!>06, was I gallon per minute 
at an elevation of 4 feet. The water has a decided sulphur odor and is 
little used. The ilow is said to have nearly ceased during the summer of 
1905. The low head, the temperature, and the quality of the flow, as shown 
by the field assay in table 11, indicate that much of the water may come 
from the higher sands of the Chesapeake rather than from Potomac strata. 

Near Port Haywood several drilled wells have found at about 100 feet 
water that is considered soft, and is used for household purposes or for 
boiler supply. It comes from sands high in the Chesapeake group. 

Over much of the county, dug wells fill nearly to the top in wet weather. 
Where the water is high in iron, ill-smelling or salty, cisterns are much 
'used. On Gwynn's Island, where about 600 people live, wells average only 
7 to 9 feet deep. 

Particulars regarding dug and driven wella at a number of places are 
thus summarized: 
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Details of dug wells in Mathews County. 



Cobb* Treek 8-10 

DigRs ! T-12 

Dixie ■ 12-40 



Grimeateod . 
Hudgitie . . 
Mathews . 



New Point 

Nortli 

Port Haywood 



S&nd 

Sand 

Sand and marl 



Sand 

Clav and lanci 

Mud. shell bede, 

and sand. 



Soft 

Shftllow wells, soft, 
brackish: deep 
wells, hard. 

Pair 

Soft 

Soft 

Good 

Poor 

Shallow, soft: 

deep, brackish. 



Hard. brncki»h 

Shallow, soft; 

deep, hard, and 

Shal'low, Boftj 
deep, hard. 
Good 



A 70-foot driven well at Port Haywood entered "blue mud and sheila" 
at about 20 feet and struck "soft rock" at 40 feet, but found no water 
worth mentioning. A driven well 110 feet deep at Fitchett's found water 
too Baity for uee. The pipe was pulled back to 50 feet and water was ob- 
tained tliat though a little brackish could be used in a boiler. 

Conclusions. — While the Chesapeake beds under eastern Mathews 
County are apparently fine and clayey, small flows of hard or iron-bearing 
water may be had from discontinuous sand ieds near the top of the group. 
The prospects of obtaining water of good quality from the Pamunkey lieds 
or below at points east of Mathews Courthouse are doubtful ; the odds favor 
highly mineralized water containing salt, iron and sulphur. Xear the 
(iloucester County line prospects are much better. 

USSLESEX COVNTT. 

General description.- — ^Middlesex County, formed from I lan caster in 
1ST,5, lies on the south bank of Bappahannock River, near its mouth, and 
noi'tli of Pianketank River. 

The topography is diversified. The Sunderland terrace, elevation 90 
lo 120 feet, forms the divide between Rappahannock and Pianketank 
rivers, and is deeply cut by ci-eeks flowing to the Bappahannock. Along 
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this river a bold scarp marks the drop from the Sunderland to the Talbot 
terrace, and at the east the Wicomico terrace terminates in the scarp that 
is traceable across tiie counlies south to the North Carolina line. In 
Middlesex, as in Essex County, to the northwest projecting headlands of 
the highest terrace give magnificent views of Rappahannock River valley. 
Geology. — The Columbia loams, clayey and bright-colored on the high 
terraces, and of subdued tints along the low terraces, mantle the surface. 
No beds older than those of the Chesapeake group (Miocene) outcrop any- 
where in the county. Shell beds and gray sands of the St. Mary's forma- 
tion are exposed beneath Columbia sands in low bluffs along Rappahannock 
River and in the gorges of the larger creeks. The Chcsapeake-Pamunkey 
contact lies at about 300 feet below sea level at the northwest end of the 
county, and about 600 feet below at Stingray Point. The thickness of the 
Pamunkey may be 100 to 150 feet. It is probable that marine Cretaceous 
beds underlie most of the county, but they can not be sharply differentiated 
on the evidence of such well records as are available. There are no records 
of wells sunk to Potomac bedSj but it is likely that at Urbanna the top of 
the Potomac group is over 800 feet twlow sea level. 

DNDEBGRODND WATERS. 

Distribution and quality, — Both the Columbia formations and the top- 
most beds of the Chesapeake contain ground water. The quality shows the 
usual variations. The artesian waters in the lower Chesapeake and in the 
Pamunkey sands are soft, but as a rule more highly mineralized than in 
Essex County. East of Urbanna the Chesapeake and Pamunkey water beds 
become gradually finer, the heads of the flows decrease and the minerali- 
zation of the water increases. A characteristic of the Chesapeake flows 
along Rappahannock River is a decided sulphur odor; this soon disap- 
pears, but makes the water when fresh from the well offensive to some 
persons. The deeper flows seem freer from sulphur. The heads of the 
different flows show local variations, but as far east as Urbanna properly 
driven wells, where there is no interference, yield waters from basal Chesa- 
peake (Calvert) beds that rise 15 feet above mean high tide; the Pamunkey 
flows rise 10 feet higher. 

Springs. — Along the gorges of the creeks that flow into Rappahannock 
Biver, near the foot of the Snnderland acarp, and in Pianketank River 
valley, there are many springs. Some are of considerable size, flowing 10 
gallons or more per minute. A few are used for household supply. None 
is of commercial importance. 
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At the head of a small nin on the old Fauntleroy placi; near ^luda, 
now owned by J. C. Gray, several springs issue from above dark sandy flay, 
or from marl beds, belonging to the Chesapeake group. Part of the flow 
of the highest spring supplies a ram that forces water to a tank in the 
house, 300 feet distant. 

Another spring that gushes from a mart bed on a steep slope to Pianke- 
tank River, at the residence of J. E. Blakey, 3 miles southwest of Saluda, 
supplies the house and bam hy means of a ram. 

Wells. — Dug wells, the chief source of water supply, vary greatly in 
depth. Most of them have no lining except plank near the bottom; a few are 
bricked, and a few cased with tile. In places along the lowest terrace there 
are drilled and driven wells, nearly all of small diameter. Dug wells, 
bricked, have been completed for 40 cents per foot. 



LOCAL SUPPLIES, 

TJrbanna in lOOfi had no public waterworks, but water from a number 
of artesian wells was given away by the owners to all persons desiring it. 
A well intended to supply water for a distribution system was drilled to a 
depth of of)0 feet. The record is of interest as the well is one of the few 
that have been drilled below 500 feet in this part of the Coastal Plain. 

Itrcord of leaterwoHs well. Urhaiiiia. 
( Aiithoritj', R. H. MiDigan, driller.) 



Mntprini 




1 I'liicknesB 
1 (Feel) 


Depth 

(Feet) 


Clay, Band, and gravel 




:i m 


25 


Hard, hluisli black clar 






220 


Sand, very liglit flow of sulphur wate 


, flow not tested.... 


::i ■; 


23B 



M«rl 

Thin rocks. G to 8 inches thick, in mnrl 
Wliite chalky deposit, "neither sand nor 

Marl" 






Bluiah clay I 

White sand, very light flow of sulphur-bearing water 

Coarse gray sand and white gravel ' 

Hard sand, no water 

Bluish day 

Sand, water-bearing, flow small but not tested 

Marl 

Hard red clay, "red as paint" 

Softer pink and brownish clay which caved easily 

White loose sand with thin crusts, sand often in little balls 

easily crushed by fingers, no clay; good flow of water. 

volume not tested 



"Bones and small teeth i 



reported t 



t been struck at 40(1 feet i 
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This well went through both Miocene and Eocene into tTpper Creta- 
ceous beds. The quality of the water from the last flow is said to have been 
excellent. The well, when seen by the writer, was flowing 3 gallons per 
minute from the sand at 492 feet; the bottom flow had been shut off by 
the clay beds caving. 

A well near by passed through the following strata, according to the 
driller : 

Becord of well of 0. W. Hurley, Vihanna. 
(Authority. It. H. Milligan, driller.) 



M»teri«l 


Thickness 
fFeet) 


Depth 

(F^t) 




25 

100 

96 

2 

7 
40 
16 

5 
30 
132 

1 

1 

22 
















Coftne B*nd. flow of aulpfaur water, Toluioe not tested, possibly 




























Rock . 




abore high tide 105 gallons per minute through « 3-inoh 
pipe, head oTer 80 feet 


47fi 



The water from this well, together with that from several welk tapping 
the sulphur water at 325 feet, is used at an ice plate. It is said to work 
better in a boiler than the water from the 225-foot wells, having leas 
tendency to foam. Like practically all the deep artesian waters of the Vir- 
ginia mainland, it contains little volatile organic matter, and hence makes 
excellent ice. 

Other flowing wells at ITrbanna are said to range in depth from 2S7 to 
290 feet, but probably draw on aands 220 to 235 feet below high tide level. 
One of the shallowest, that of 6. V. Wagenen, was sunk by the owner in 
less than a day, no rock being encotmtered. The flow at flrst was 5 gallons 
per minute, but had fallen to about 2 gallons in 1906. The water is used 
at a canniog factory. The well of the Urbanna Manufacturing Go. is worthy 
of note as it is used to supply the cottages of employees, the water being 
pumped to an elevated tank. The depth of this well could not be ascer- 
tained, but the water has a decided sulphur odor and probably comes from 
the sand at 220 to 235 feet. Field assays of samples from various welU at 
Urbanna are given in tables 8 and lOi 
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Above tTrbanna, aloBg Rappahannock River, artesian wells have been 
drilled at Bayporf and several other places. The reported depths of the 
Bayport wells vary from 260 to 300 feet, and the water probably comes 
from Calvert, basal Cheaapeake, sands. The water is used for domestic 
purposes and for washing oysters. The following generalized section is 
reported : 

Record of well of Bland Brothers, Bayport. 
(Authority, 0. D. Hftle, driller.) 



to 10 incbea thick, water at 242 feet. . 



The well has 218 feet of 1^-inch casing. The reported flow is 16 
gallons per minute at 7 feet above Rappahannock River. 

A driven well at Sandy Bottom, in the east end of the county, foaad 
water in deep Columbia beds. The following record is reported : 

Record of 7S-foot driven well of D. A. Taylor, Sandy Bottom. 
(Authority, D. A. Taylor, owner.) 





iTIiidaMii 

fFeet) 


Depth 

fFttt) 


No record 


30 






. ! 10 














73 


Oravel, principal waUr bed 


z 

26 


76 

100 



Dug wells in Middlesex County, as previously noted, differ greatly in 
depth and in quality of supplies. Wells on high ground near a terrace 
edge go deep, usually yield soft water, and seldom if ever, go dry; while 
wells away from the terrace edge are shallower and more liable to go dry. 
Many wells go through the Columbia sands and get hard water from thc 
Chesapeake shell beds. Conditions reported from various places in the 
country are briefly summarized thus: 
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Details of dug wells in Middlesex Oouniy. 



Butylo 

Chnrcfa View 

Dew 

Freeshade 

Eaoch 

Lot 

Riurk 

Balnda 

Streets 

Utbanna 

Wat«rrtew 

Wilton 



QiuUtjr of 



40-60 
21MiO 

is-*e 

12-10 
10-10 
16-35 
10-35 

40-56 



15-60 
16-60 



Sand and clay 

Sand 
Sand and marl 

Saiid 
Sand 
Clay 

Marl and r«d clay 

Saad 

Marl 

Hed day 

Shallow, sand; 
deep, Tocka. 
hallow, tand, 



Good 
Fair to good 
Hard or Irony 

Fair 

Hard 
Son to hard 



Ihallo 



poor; 



deep, good. 
Hard and soft 

Soft 
Hard, brac^ah 
hallow, poor; 
deep, good. 
Pair to good 

Fair to good 



Conclusions. — Over most of Middlesex County dug wells will remain 
the chief source of supply because of the cost of developing the artesian 
sands. Plenty of soft alkaline water can be had from the latter, and if the 
higher sands at any point yield insuf^ient flows better yields can be bad 
by going deeper. From none of the sands are heads of more than 35 feet 
above tide to be expected. Hence wella of sufficient diameter to permit the 
use of deep well pumpe will be required to supply villages on high ground. 
At Saluda, elevation about 75 feet, flows are impossible; the water will 
rise to about 40 feet of surface. 



HAHSEKOiro COUHIT. 

General description. — Nansemond County lies south of James River 
near its mouth, and extends from the river to the North Carolina line. The 
surface of the county is rather even, except for the abrupt descents to 
creeks and inlets in the northern part of the county, and for the scarp that 
separates the low ground, in which lies the Dismal Swamp, from the higher 
ground to the west. The principal stream la Nansemond Siver, a branch 
of James Hiver. Jones Creek also flows into the James. Most of the 
southern part of the county drains to Blackwater River, while the south- 
eastern is included within the Dismal Swamp. Much of the surface is part 
of the Wicomico plain, at elevations between 60 and 90 feet. The abrupt 
scarp separating the Wicomico from a lower terrace extends from the North 
Carolina line northward past Suffolk and Chuckatuck. Lake Drummond, 
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part of which is in NanBemond County, has an elevation of 23 feet above 
sea level. 

Qeology. — Over nearly the whole county the Columbia sands and loams 
are the only hede that can be seen. North of Suffolk, along the banks of 
Nansemond Biver and its branches, the underlying dark greenish or bluish 
sandy clays of the Chesapeake, often filled with shells, are exposed in many 
places. 

In the eaetem portion of the county thick beds of mud and sand, which 
contain shell marl, have been cut by the canals leading to Lake Drummond. 
These beds, as shown by their fossils, are of Pleistocene age, and are in- 
cluded in the Columbia group. 

Other formations, belonging to the Famunkey, Upper Cretaceous, and 
Potomac groups, underlie the Chesapeake but are known only from the 
records of deep wells. The base of the Chesapeake is 350 to 500 feet below 
surface, and the base of the Pamunkey lies 450 to 600 feet deep. 

CNOBBGKOPND WATBBB. 

Extent and distribution. — The water table throughout most of the 
southern and eastern parts of the coun^ lies very near surface, and in wet 
weather many wells are full to overflowing. The supplies are generally soft, 
but because of the liability of pollution arc not highly valued. In the 
northern and western parts of the county where the land lies higher, many 
wells near the edges of terraces are 30 feet deep or more. The supplies 
obtained are generally soft. Artesian waters underlie the whole county 
and attempts to get flows have been made at a number of places, but the 
only artesian wells is use in 1906 were at Suffolk and Evereta. At the 
former place water is obtained from sandy beds high in the Upper Creta- 
ceous ; at the latter place from beds of sand and gravel near the top of the 
Chesapeake. The Upper Cretaceous water is soft and alkaline, the Chesa- 
peake is less mineralized. Artesian water has been reported found near 
Chnckatuck, but no particulars as to quality are available. 

Springs. — Springs are not especially abundant in Nansemond County, 
although there are some along the branches of James and Blackwater rivers. 
None of commercial importance has been reported. A spring of good flow, 
known as the Buckhorn, one-half mile north of Windsor, yields iron-bear- 
ing water. 

Wells. — Though there are a considerable number of driven wells in the 
county, dug wells are far more plentiful. There were in 1906 not over 15 
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drilled vellB in use. The dug wells are usually lined with wood, and, on 
wide, flat Btretches where water is close to surface and surface drainage is 
defective, are not ideal sources of supply. The driven wells and nearly all 
the drilled wells are of small diameter. They are much preferable to the 
dug wells, and when conditions are favorable, that is, where the water lies 
in soft sand close to surface, driven wells with pitcher pumps attached 
cost but $5 or $6. The cost of drilled wells depends on their depth and 
diameter; S-inch wells near Everets were sunk under contract for $1 per 
foot to depths of 50 feet or more. 

LOCAL BUFPLIE6. 

Suffolk is supplied with water from Lake Kilby, which in 1906 was 
diBtribut«d by the Portsmouth, Berkeley and Suffolk Water Co. A sum- 
mary of the supply system is given on page 77. 

Various manufacturing concerns use or have used water from dug 
wells. This is hard and of indifferent quality for boiler supply as it forms 
scale, and the use of a softening plant or of boiler compounds is neceBsary. 
Up to the time of the field work for this report attempts to get artesian 
water at Suffolk had, with one exception, been failures. This was not 
because artesian water can not be had but because the wells did not go 
deep enough. There is a great thickness, probably not less than 300 feet, 
of Chesapeake sandy clay underlying Suffolk, in which there seem to be no 
beds that yield water freely. The successful well, that of the N^orfolk & 
Portsmouth Traction Co., is reported to be 803 feet deep. Possibly it 
might have obtained water enough at a higher level, but the drillers were 
seeking a flow (an impossible undertaking aa the elevation of the well is 
63 feet), and continued drilling. The yield is small and the well has given 
more or less trouble ever since its completion. Apparently the water- 
bearing sand is fine. The water rises to 33 feet of surface and a deep well 
pump obtains 11 gallons per minute. The water is said to work well in a 
boiler if not allowed to become too concentrated, and to be good for ice- 
making. 
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The followmg analjBis afaowB ita Boftness, low lime content, und 
alkalinity; the chief snlwtance in solution undoubtedly is bicarbonate of 
soda. 

Analysis of water from deep well of Norfolk & Portsmouth Traction Co,, 

Suffolk. 

(First Scientiflc Station for the Art ol Brewing, analyst.) 

Parts per 1,000,000 

Total lealdne MB.O 

Loss hj CBlcinatioii SO , 

R«aidne utter calcination 676.0 

Iron (Fe) large trace* 

Lime (CaO) 4.0 

MaEDMta (MgO) 2.9 

Carbonate of soda (Na,CO,) 493.0 

Chlorine (CI) 88.0 

Nitrate radicle (N(^) 0.0 

Nitrite radicle (NO.) 0.0 

Free ammonia 0.0 

Albumenold ammonia 0.0 

Oxygen required 0.02 

Total hardness 128.0 

Deep wells north of Suffolk. — A group of artesian wells has been sunk 
near Everets, on Everets Creek. Some are just at the foot of the Wicomico 
scarp and their heads, as they are of shallow depth, little over 50 feet, are 
due to the level of the water in the Wicomico plain to the west. In 1906, 
there were about 8 of these wells, the deepest being down 110 feet. The ■ 
heads range from 4 to 10 feet above the creek, which is tidal. The follow- 
ing record of one of the wells shows the general character of the beds over- 
lying the water-bearing sand : 

Record of well of T. J. Saunders, Everets. 
(Authority, T. J. Saunders, owner.) 

-, , , , I Thickness Depth 

*•"**"=' (Feet) , (Fiel) 

Clayey soil on marl | 8 8 

Blue marl, with few ahellH i 16 24 

Black sand, with hard layprs or "rock!>" . 2 20 

Blue sand, lighter colored at base 28 54 

While sand 30 B4 

Efforts to find the same flow fairer southeast have not been success- 
ful; the water-bearing sand probably thins out or becomes clayey, though 
as the sand dips to the east it is barely possible that the wells did not go 
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deep enough. At Beida J'erry, on Everets Creek, 5 miles southeast of 
Everets, a ISO-foot well sunk for the Nansemond Siver Brick and Tile Co. 
did not find water, nor did a well 1&8 feet deep, a mile east of Chuckatuck, 
which when the driller stopped work. was in black and white sand. A 
later and deeper well east of Chuckatuck is reported to have found a flow. 
The general character of the flows at Everets is shown by the field assay in 
table 7b. 

Shallow well conditions near various villages in the county are sum- 
marized in the following table, most of the data being obtained from post- 
masters. 

Details of dug wells in Nansemond County. 



Location 



Depth of I 

well Wster bad 

! (Feet) 1 



Qualit;r of water 



Cleapnr 16-80 ishatlow, auid; 

' deep, day. 

Sand 

Blue nrad 

Sand 

Shallow, land: 

deep, blue marl 

I and "black dirt." 

Vsieritt I 6-10 Ishallow. aandi 

I I deep, day. 



Copeland 10-23 

Hobson I 16 

HolUud ; 10-84 

^vage CroBsiug i 8-30 



I h a 1 1 o w, poor ; 
deep, good. 



Conclusions. — There is undoubtedly plenty of artesian water under 
Xansemond County, but conditions are not eo favorable for free flows of 
good water ae in counties to the west. The upper Chesapeake sands are 
patchy and their limits can be determined only by drilling. The sands 
lower in the Chesapeake, and those in the Pamunkey, are uncertain water- 
bearers, but may yield flows with heads of 30 feet above tide through wells 
carefully drilled and screened. The quality of all the artesian waters 
deteriorates toward tlie east and near James River, and in the northeast 
comer of the county the deep flows may be too mineralized for domestic 
or industrial purposes. 

KEW KENT COXniTT. 

General description. — New Kent County, formed in 1654 from York 
County, lies between Chickahominy and Pamunkey rivers. 

The topography is much like that of Charles City County. The highest 
of the terraces, the Sunderland, has an undulating surface sharply cut by 
stream valleys. Its greatest elevation is 140 feet. The Wicomico plain is 
developed along Pamunkey River, as is the lower Talbot, the latter com- 
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prising much of the land embraced in the wide meanderB of the river. 
Both Chickabominy and Famunkej riyers have iew tribataries riaing in 
the county; the largeet of these, Diaecond Creek, empties into the Chicka- 
hominy and forms part of the eastern boundary of the county. The divide 
between Chickahominy and Pamunkey waters crossea the northern part of 
the county, New Kent Courthonse being on it. 

Qeology. — Columbia loams mantle the surface. On neither Chicka- 
hominy noT Pamunkey rivers are Pamunkey (Eocene) beds exposed, the 
highest formation visible below being the St. Mary's formation of the 
Chesapeake (Miocene) group. Its dark, greenish sandy clays are exposed 
along stream gullies and in bluffs on the south side of Pamunkey and York 
rivera. The base of the Calvert formation of the Chesapeake group lies 
above tide level along the west^Ti boundary of the county and ISO feet 
below at Plumpoiot The base of the Pamunkey lies possibly 300 feet 
below tide water in the western side of the county, and 350 feet below in 
the east. Whether Upper Cretaceous (Matawan) beds extend as far west 
as the eastern side of the county is doubtful. Unquestionably, there is a 
considerable thickness, possibly over 600 feet of Potomac (Lower Creta- 
ceous) beds above bed rock. 

UNDERGBOUND WATERS. 

D\8irii>ution and quality. — New Kent County is well watered. Na- 
iiierotis rills and creeks are fed by springs. The ground water in the sands 
of the Columbia formations is generally abundant and soft. The artesian 
sands in the Pamunkey group carry plenty of soft water that gives flows 
up to 26 feet above tide. The Calvert sands at the base of the Chesapeake 
yield light flows in the eastern part of the county, and, if reports are to be' 
trusted, in the Chickahominy valley as far west as Roxbury. Little is 
known of the Potomac waters, but they are undoubtedly abundant and gen- 
erally good. 

Springs. — There are many springs in the county, some of which have 
attracted notice by reason of their size or the quality of their waters. A 
few are used for domestic supply and one or two are thought to have 
medicinal value. A spring, or shallow well, 3 miles north of Talleysville, 
flows about 1 gallon per minute of water that has been sold as Belmont 
Lithia water. The water comes from marl, and the chief subBtance in solu- 
tion is bicarbonate of lime. The appended analysis, furnished by the 
proprietor, R. E. Richardson of Talleysville, has been recalculated to part^ 
per, 1,000,000. 
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Analysis of Belmont LitJiia water. 
{Vf. H, Taylor, analyst.) 

Parts per 1,000,000 

Total solidB 221. 

Calcium bicarbonate (CaH,(CO,),) 135. 

Ferrous bicarbonate (FeH,(CO,),) 15. 

Magnesium bicarbonate (MgH,(CO,):) 11. 

Manganese bicarbonate (MnH,(CO,).l 0.5 

Sodium bicarbonate (NaHCO.) 15. 

Lithium bicarbonate ILiHt(\) 0.1 

Sodium chloride (NaCl) 3.4 

PoUsBium chloride (KCl) 1.2 

Ammonium chloride ( KH,C1 ) trace 

Potasaiura sulphate (KjSO.) 6.3 

Calcium phosphate (Ca,(PO,):) 0.8 

Calcium nitrate (('a(NO,)3) tra«e 

Alumina (AI,0,) O.l 

Silica (SiO,) 33. 

Sulphuretted hydrogen (H^) 0.88 cubic inebes per imperial gallon. 

WelU. — Dug welU, usually cased with wood, are practically the sole 
source of water supply ou the higher terraces. On the lower terraces are 
some driven wells. The drilled wells are practically confined to the low 
ground along Pamunkey and Ghickahominy rivers. Nearly all are of small 
diameter; the depths reported range from 150 to 260 feet. 

LOCAL 8DPPLIES. 

More wells have been driven at Plumpoint than at any other place in 
the county. They all draw on the Calvert, basal Chesapeake, sands reached 
by the 165-foot wells at West Point, and yield water of the same quality. 
Heads are about 20 feet above mean high tide. Above Plumpoint at 
Whitehouse possibly 10 wells have been driven, all of which draw on the 
same beds, basal Pamunkey, as the wells at Lester Manor in King William 
County. The heads range up to 35 feet above mean high tide. The flows, 
where proper care has been taken in casing, equal the average of Pamunkey 
wells of equal diameter, being about 6 gallons per minute. 

The following generalized record of a well at Whiteliouse was pub- 
lished by Darton :" 



oDarton, N. H., Op. cit., p. 174. 
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Record of ivell at Wkitehome. 
(Authority. P. H. Swett, driller.) 



Vellow clay 

Blue ftillera earth 

Several thin rock strata, one IR inches thick, . 

Soft Band rook 

Red clay 

Groensand marl ( 1 1 

Black sand ; water at 210 feet 




Along Chickahominy River veils have been aiink at Providence Forge 
and near Windsor Shades (Boulevard P. 0.). N"o records were kept of 
any of these wells, but all obtain water from practically the same horizon 
in the Pamunkey. At Providence Forge several wella have been drilled; 
one owned by Col. £. B, Townsend is 816 feet deep, and flows 10 gallons 
per minute at an elevation of 30 feet above sea level. A field assay of the 
water is given in table 9. Another well, that of R. E. Richardson, is 315 
feet deep ; it flowed at first but later had to be pumped. The loss of flow 
is explained by insufficient casing. 

The well at Boulevard is probably the finest in the county. It is 260 
feet deep, iy, inches in diameter, and flows 52 gallons per minute at an 
elevation of 22 feet above mean high tide. This large flow is probably due 
not BO much to the diameter of the well as to the character of the water 
bed, which, according to report, was a gravelly sand, whereas at Providence 
Forge the water bed is finer textured. An analysis of the water from the 
well at Boulevard appears in table 9. The water is noteworthy for the small 
proportion of mineral matter it contains. 

For the supply of temporary saw-mills dug wella are used. In 1906, 
there were possibly a dozen such mills in the county, obtaining water from 
wells 25 to 50 feet deep. Information regarding dug wells at a numlwr 
of villages is given in the following summary: 

Details of dug wdls in Xew Kent County. 
~ _— _ ______ 

Location well Water hed 

(Feft> 



Barhamville 12-30 



Loam and marl 



Dasli I8-«0 



runstall 10-20 



Iron cruata, sand 
Shallow, loam : 
deep, clay. 
Sand and gravel 
>hallo w, loam; i 

deep, marl 
Shallow, clay; 
deep, marl- 



Hard 
hallow, fain 
deep, good. 
Soft and hard 
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Conclusions. — To properly cased wells the Famunkej aania will funiish 
supplies far in excess of present draughts. The Potomac group un- 
doubtedly contains numerous sands that will yield ample dows with heads 
of 30 feet or more, and recourse can be had to them in case the head of the 
Famunkey waters at any place is lowered by the interference of wells 
drilled too closely or allowed to flow without restraint. 

HOAPoiE cotmrr. 

General description. — Norfolk County, formed in 1697 from Lower 
Norfolk, extends from the mouth of James Hiver southward to the North 
Carolina line. In or near Norfolk are many large manufacturing eatab- 
liahments and no less than five railroads have terminals on Elizabeth Biver. 

Almost all the surface of the county forms part of the Talbot terrace, 
which has a maximum elevation of about 25 feet, hence there are wide 
expanses of practically level ground and considerable swamp land. Most of 
the swamp is in the southwestern part of the county, and is part of the great 
Dismal Swamp of Virginia and North Carolina. The surface of this swamp 
slopes slightly to the northeast and southeast from the foot of the Wicomico- 
Talbot scarp which forms its western boundary. Lake Drummond, the 
only considerable body of fresh water in the State of Virginia, ia near the 
center of this swamp. Its surface is SS feet above tide level. The principal 
streams, Elizabeth Biver and North Biver, are shallow inlets which head in 
marehy creeks; Elizabeth Hiver empties into James Biver and North Biver 
into Currituck Sound. 

Geology. — The vari-colored loams of the Talbot formation are exposed 
here and there in shallow road cuts, and except for swamps or marshy 
tracts and strips of dune sand the Talbot loams form the soils. Below lie 
soft blue clays and bluish sands containing here and there beds of marine 
shells of Pleistocene age. The Talbot varies in thickness from 5 feet to 
perhaps 75 feet; it can not, by available well records, be sharply differen- 
tiated from the topmost beds of the Chesapeake group (Miocene), The 
maximum thickness of the Chesapeake group is not less than 600 feet The 
topmost formation of the Chesapeake contains water-bearing beds which 
have been found by driven or drilled wells of moderate depth. , The lower 
formations of the Chesapeake seem to have few beds coarse enough to con- 
vey water readily. The relations of the Chesapeake to the underlying 
Pamunkey, and the evidence of the deep wells, are discussed elsewhere (see 
page f)7 et seq.). 
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Distrdjution and qvaiity. — The chief sourceB of domestic water supply 
in Norfolk County are the graTeU and sands in the Talbot formation, from 
5 to 50 feet below surface. The water from the shallow beds at moat places 
is soft, but at many is iron-bearing ; and at some, near bodies of salt water, 
is braddsh. The deeper beds give hard water which in some places is iron 
bearing. The discontinuouB sand beds in the upper portion of the Chesa- 
peake yield supplies that are, as a rule, iron-bearing and hard, in fact too 
highly mineralized for general domestic use. 

Springs. — There are in Norfolk County comparatively few springs, but 
three have been developed on a commercial scale. Two, the White Oak and 
Landale, front inlets from Mason's Creek, 5 to 6^ mites north of Norfolk. 
They yield soft, clear water from the Talbot sands. The output has been 
sold in Norfolk. At the Landale Spring the water issues from the sands 
just above tide level, and comes from some distance below the surface. The 
flow varies slightly with stages of the tide. The spring is some distance 
from the nearest house and the sanitary conditions, when the spring was 
inspected, were excellent. The following analysis, recalculated to express 
results in standard form, wan furuished by the owner, W. J. Land. 

Analysis of Landale Mineral Spring water. 
IHenr.v Froehling, analyat.) 

ParU per 1,000,000 

Total solids 87. 

Silica (SiO,) 6.3 

Iron (Fe) 0.06 

Aluminum (Al) 0.18 

Calcium (Ca) B.8 

Mftgnetium (Mg) 2.6 

Sodium (Na) U. 

FotaBBium (K) 1.3 

Lithium (Li) 0.01 

Iodine (I) 0.009 

Bromine (Br) trace 

Manganese (Mn) trace 

Arsenic (As) trace 

Bicarbonate radicle (HCO.j 9.2 

SulphaW radicle (SO.) 28. 

Nitrate radicle (NO.) 6.S 

Chlorine (CI) 13. 

The White Oak Spring is situated near the Landale, and the water 
probably comes from the same horizon. The following analysis, which has 
been recalculated, was furnished by the company putting the water on the 

market. 
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Analysis of White Oak Mineral water. 
(W, H. Taylor, analyrt.) 

PartB per 1,000,1)00 

Silica (SiO,) 6.4 

Iron ( Fe) trace 

Calcium (Ca) 21.0 

Magneeiiun (Mg) 8.8 

Sodium (Na) 14.0 

PotuBium (K) 3.6 

Bicarbonate radicle (HCO.) M.O 

Snlpluitfl radiela (SO.) 2».0 

Chlorine (CI) 16.0 

Another spriog, owned by Joeeph Freitas, on Mason's Greek about 1^ 
miles due west of the two springs mentioned, has shipped water from time 
to time. 

Wells. — There are probably more driven wells in Norfolk County than 
in any other county in Virginia. Most of them are shallow, going to the 
first water-bearing sand. There are many dug wells, most of which are 
not over 15 feet deep, and a few drilled wells. In some places cisterns are 
used. The more important deep wells have been mentioned on pages 97 
to 116. 

LOCAL SCPFUES. 

The cit; of Norfolk is supplied with water by three distributing systems 
owned by the city, the Norfolk County Water Co., and the Portsmouth, 
Berkeley & Suffolk Co. The size, capacity, and general equipment of 
the different supply system are described on pages 75-81. 

In the outskirts of the city are many driven wells. Q. B. Todd of 
Norfolk, who has driven a large number, states that east of Elizabeth Biver 
in Norfolk County are two water beds; one at 10 to 15 feet, yields water 
that is generally soft but is irony in places; and the second at 3S to 100 
feet, yields water that is generally harder and is irony at a few places. The 
following records, furnished by Mr. Todd, show the character of the Talbot 
beds of the Columbia group. 

Record of test^oring, comer of Brooke Avenue and Bmsh Street, Norfolk. 

„..„,,, 1 Thickness I Depth 

""*''*' I (Feetl \ (Feet) 

Made ground 4 ! 4 

Moist sand Z^ T^ 

Mud with some sand | 7 14% 

Mud I aVj 21 

Yellow clay and mud | 7 2B 

Soft mud I 8 36 

Fine sand I g i 38 

This well was driven on made ground, formerly a marsh. 
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Record of test-boring on Reeves Avenue at river banh^ Norfolk. 

77" 7". I TfaickiMari Depth 

^*^''' I (F^t/ I (Fiet) 

Made ground 3^4 I 3% 

Gray sand, vaUr-bearing I 9^ I 12 

Yellow Band, almoat diy , 11 I 23 

Blackish mud, very soft, mixed irjth fine sand 17 [ 40 

Solid eoaTM sand, water-bearing I [ 40 

At Lambert Point, a Bnbnrb which in 1906 had a aepai«t« govenunent, 
Norfolk County water is used by nine-tenths of the inhabitante. There 
are, however, numerous ciBtema and some driven wells. The latter find 
two Booices of Bupply; the first water, at 10 to 13 feet, ia called poor; 
deeper water, at 45 feet, is hard, and Id places too iron-bearing for domestic 
use. The Norfolk & Western Railway Co. hae used Norfolk County water 
largely at its yards and terminal on the Point. It once procured water 
from a system of driven wells 3 miles east of the Point, and sabsequently 
tried a shallow well 30 feet in diameter about a half mile east of its yards. 
The water from the deep well, mentioned on page 107, ia too hi^y min- 
eralized for boiler use. 

At Sewell Point, the site of the Jamestown Exposition, water can be 
obtained almost anywhere by driving a pipe down 8 or 10 feet. This water 
is not considered good. The Exposition grounds were supplied by the 
Norfolk County Co. At Ocean View and on Willoughhy Spit, where there 
are many sabnrhan residences and summer cottages, water is obtained from 
driven wells. On the Spit the wells are 20 to 25 feet deep. The water is 
apt to be irony. At Ocean View station wells are about 12 feet deep, and 
yield better water than along the beach, where they average 18 to 80 feet 
and yield irony water. A few wells, from 20 to 30 feet deep, strike water 
in a blue sand below a blue mad. The water has a slight solphnr taste and 
at some wells is irony. A driller reports that in the vicinity of Ocean View 
a bed of shells is occasionally struck in the blue sand above the blue mud 
at a depth of 8 feet. This shell bed is probably of Pleistocene age and part 
of the Columbia group. 

Darton" has published records of several borings made by the city of 
Norfolk in search of shallow water east of the city. The two following are 
given in slightly modified forms to show the general character of the 
Columbia materials, and the depth to the main water beds. 

nDartoii, N. H., Norfolk folio, U. S. Geol. Survey, 1902, p. 4. 
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PoorhovM iract i 

Material 

Muck 

Fireund 

Sand and ola}' 

Blue clay 

Sandy clay 

Sand and clay 

Gravel, with water, on sand 



Drummond woods. 



Sand 

White sand 

Sand and clay 

Clay and sandy clay 

Sandy clay 

White sand 

GraTel, with water, on Hand , 



0^ 

5% 



30H 
38M, 



South of Norfolk, along the South Branch of Elizabeth River, wells 
have been put down for the boiler supply of mills. Most yield fair water. 
The E. S. Barnes Co., at its plant on the east bank of the South Branch, 
Z miles above the Norfolk Navy Yard, has 10 wells 73 to 86 feet deep. A 
partial analysis by the Hartford Steam Boiler Co. showed 648 parts of 
solid matter per 1,000,000, considerable soda, lime, magnesia, chlorides, 
and sulphates, some silica and potash, and a little iron ; the chief substance 
in solution was sodium chloride, with "traces" of calcium and magnesium 
sulphates, a rather poor boiler water. Another well, ISO feet deep, yielded 
somewhat similar water, containing €52 parts of solid matter per 1,000,000. 
A group of 14 wells, 15 feet deep, at the same plant, yielded water that con- 
tained only 164 parts of solid matter per 1,000,000, a good boiler water. 
In this water the hardness was chiefly temporary, from carbonates of lime 
and magnesia. 

The Pocomoke Guano Co. obtains water from a well 86 feet deep, near 
Elizabeth River. The following record was furnished by the company: 

Record of 86-foot well of the Pocomoke Qvano Co., near Elitabetk River. 



Hard blade dirt 

Soft fresh mud, swamp muck 

Blue marl and mud 

Shells, gand and gravel, water-bearing. . 
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A partial analysia of the water from this well (table 7) shows an 
unusually high percentage of organic matter. 

Another well, that of the Eoanoke Kailroad & Lumber Co., not far from 
the two plants previously mentioned, penetrated the following beds, accord- 
ing to the company. 

Record of well of Roanoke Railroad £ Lumber Co. 



Surface Boil and sand 16 

Cla^, sands at base, wat«r 10 

Black mud With flne BhelU, clear water at about 53 feet 28 

Black mud 10 



The water is said to be Blightlj Baity and to scale badly in a boiler. 

The pumping plant of the Portsmouth, Berkeley & Suffolk Water Co. 
draws on some 35 €-inch wells, 25 feet deep, about 3 miles south of 
Berkeley. The wells obtain water from a bed of gray sand below blue mud. 
The water level of the wells varies considerably. At times it is within 3 
feet of surface, but under heavy pumping falls to 17 feet. In 1906, there 
were no buildings on the tract and the possibility of pollution was remote. 
The water ia said to be slightly hard. A partial analysis fnmished by the 
American Waterworks & Guarantee Co. of Pittsburg, Pa., given in table 
7, shows a chlorine content of 17 parts per 1,000,000, about the average 
in Norfolk County for unpolluted shallow waters at points away from salt 
creeks or arms of Chesapeake Bay. 

At Oaklet, southeast of Norfolk, two wat«r-bearing sands are tapped 
by the driven wells : The first, 13 to 18 feet below the surface and 8 to 10 
feet thick ; the aecond, about 40 feet below the surface, and separated from 
the first by blue clay. A well driven 124 feet proved a failure, finding no 
water at that depth. The water from the 40-foot sand is considered more 
healthful than that from the 16-foot. 

The city of Portsmouth is supplied with water from Lake Kilby by the 
Portsmonth, Berkeley & Suffolk Co. Probably nine-tenths of the inhabi- 
tants of Portsmouth use this water, the remainder using driven wells and 
cisterns. 

At the Scottsville yards of the Seaboard Air Line Railway, 1% miles 
west of Portsmouth poat-office, there are 14 2^-inch wells and 12 4-inch 
wells, all 60 to 64 feet deep. The elevation of the ground at the wells is 
about 10 feet. The following record was furnished by the company: 
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Record of driven wells at yard of Seaboard Air Line Railway, Portsmouth. 



Material 


ThicltneM 

(Feet) 


Depth 

(Feet) 




4 

31 
9 
6 

10 




Very flue gray quiduand with bita of rot 


«n wood and tree 












Hnrri. cnnrw (p-avel 


BO 



No shell beds were found. The wells have douhle pointe, and are driven 
into the gravel because points in the soft eand corrode quickly. The yields 
are comparatively free, though the 2^-inch wells are sometimes choked by 
sand. The draught in 1906 was 300,000 gallons of water daily, which was 
used for locomotive supply and general purposes. It is considered a good 
boiler water. Analyses of water from the old and new wells are given in 
table 7. 

The old wells comprise 14 2^-inch and 2 4-inch wells, nearer the creek 
than the new welle (10 4-inch), and the water consequently contains more 
sodium chloride. Pumping for several months had slight effect on the 
quality, as is shown by the analyses- 

At Port Norfolk, the Norfolk A Portsmouth Traction Co. has, at a 
power plant at the comer of Mount Temon Street and Florida Avenue, a 
mile south of Elizabeth Biver, 2i wells, 2Z at which are 1^ inch in 
diamet«T and 16 feet deep, and two are 2 inches in diameter and 60 feet 
deep. In 1906, these supplied all the water for the boilers, rated at 950 
horsepower, also for washing cars and for fire protection, in all about 65,000 
gallons daily. The water is stated to work well in a boiler, forming but 
little scale. The water from the deep well is said to be harder than that 
from the shallow wells. A partial analysis furnished by the company, re- 
computed to standard form, is given in table 7. 

Near the Norfolk & Portsmouth Co.'s power hooee the Air Line Manu- 
facturing Co. had, in 1906, 5 1^-inch wells 38 to 40 feet deep, which sup- 
plied water for a boiler capacity of 160 horsepower. The following record 
is reported: 

Record of wells of Air Line Manufacturing Co., Port Norfolk. 



Material 


; ThicknesB 

■ (Feet) 


Depth 

(Feel} 














Sand, waterbearing 




3B 



The water was considered bard and a boiler compound was used to 
prevent scale. A partial analysis, recomputed, is given in table 7. 
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At the U. S. Naval Hospital in the southern part of the city 4 driven 
wells, 2^2 inches in diameter and 35 feet deep, were sank 400 feet back 
from Elizabeth River. The niaximum yield obtained by pumping was 50 
gallons per minute. The water, which rises to 8 feet of anrface, or about 
tide level, is rather hard and ie not used in boilers at the hospital. A partial 
analysis, furnished by the medical inspector in command, is given in table 
7. In the same table appears an analysis of water from a shallow veil 
owned by the Portsmouth Knitting Mills, 

In the rural sections of Norfolk County, driven as well as dug wells 
generally go only to the first water-bearing aand, but some driven wells are 
40 to 80 feet deep. The quality of the water varies from place to place, but, 
except close to tidal inlets, is usually soft. Near the Dismal Swamp, where 
the water table is almost at the surface, the wat«r is apt to be highly colored 
and of poor quality. 

Data collected regarding shallow wells at a number of places are sum- 
marized below: 

Detaile of shalhw welU in Norfolk Oovnty. 



Localit7 


Depth of 
' welt 
(Feet). 


W«t«r bed 


Quality o( 
water 


Oomland 

Deep Creek 

FentresB 


8-45 

6-12 

IIMO 

8-10 

8-U 


Sand 
Sand 
Sand 


ShaUow, soft, or 
Baity; deep, irony 


Grasafleld 


Sand 
Samd 
Sand 


Poor to good 


Hickory 


10-30 

, 8-12 

9-18 

' 12-18 

1 10-lC 


Soft to bard 


Link 






Oaklet 

Piney Beach 


Sand 

Clay, aand and 
gravel. 
Marl 
Sand 
Sand 
Sand 
Sand 


deep. hard. 
Shallow, poor; 

Soft, irony, hard 


P<igha 

Sewell'B Point 


i S6-30 

i 10-60 


West Norfolk 


1 20-30 


Hard 



At some places where the shallow water is poor, cisterns are more or 
less used. 

At Great Bridge a dug well struck a shell bed containing "large oyster 
shells" at 20 feet. Water was found at about 30 feet which quickly 
filled the well. The owner uses the water for irrigation, and reports pump- 
ing 214 gallons per minute without lowering its level. 
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Conchiaioru. — Ground water Btiitable for household and domestic use 
can be had at many places in Norfolk County at alight cost. Because of the 
easy pollutioii of dug wells, unlese protected with more than average care, 
driven wells are to be preferred ; water from 85 to 50 feet is leas liable to 
pollution than that from 5 to SO feet below surface. The best water will 
be found on dry tracts 10 to 30 feet above sea level, the poorest on lower 
ground along tidal inlets. Deep artesiao water can be had under the whole 
county; its quality is problematical. Flows of such clear, soft water as 
are found in counties to the west are not to be expected. 

KOBTHAXFTON COUHTI, 

Oeaeral description. — Northampton County covers the southern part of 
the peninsula known as the Eastern Shore. The topographic afipecta of the 
county are much like those of Accomac. Low islands or barrier beaches 
fringe the eastern coast; behind these are broad, shallow lagoons, mud 
flats hare at low tide, and wide Htretchee of salt marsh. On the bay side 
the shoreline is sharper. The surface elevations apparently lie below 35 
feet and the surface is included in the lower Columbia terraces. 

Geology. — Beddish buff to yellow clay loam underlies the sandy soil, 
and is underlain in turn by white and yellowish sands with occasiooal beds 
of light clay. The maximum thickness of these beds may be 40 feet. Be- 
neath are the same series of silver-gray or bluish-gray sands, shell beds, and 
soft, dark clays, that are found in Accomac County, and are regarded as 
part of the Columbia group. Fewer drilled wells have been sunk in 
Northampton than in Accomac County, hence information regarding beds 
of foBsil shells is acant, but they evidently occur at varying depths, the 
least depth reported being 30 feet, near Brighton. There is no evidence 
available for sharply separating the bottom of the Colombia (Pleistocene) 
from the top of the Chesapeake (Miocene), but the Columbia may be 100 
feet thick. Pliocene beds may be present but have not been recognized. 

rXDEBQROUKD ■WATEH8. 

Dxatriimtion and qaaiity. — Good water has been fonnd at most places. 
The depth to the water table, the "first spring," may be SO feet in places, 
hut usually is decidedly leas and probably averages not far from 10 feet. 
The water table after prolonged wet weather comes to the surface on many 
flat stretches of land. The water from the deeper sands, the "second and 
third springs," contains, as a rule, more lime and leas iron than that from 
the "first spring," and, if proper care is taken in its recovery, is practically 
above saspicion of pollution from surface sources. 
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Springs. — There are very few spricgB in the county. One 6 miles east 
of Chesapeake is reported to flow 1 gallon of clear, soft water per minute. 

Wells. — The dug well is still the most widely used source of water 
supply. Wood casing is being supplanted by tile. Driven wells are becom- 
ing more and more popular. It is claimed by some persons that since 
driven wells came into general use there has been a marked improvement in 
the public health. 

Most of the driven wells get water from the "first spring" and are not 
over 30 feet deep, but may go down 50 or 60 feet, and some drilled wells 
go to depths of 100 feet and more. The usual charge for "driving pumps" 
(putting down 1^-inch driven wells), is about 30 cents per foot, the point 
and pump being priced separately. The type of point most used is 3 feet 
todg with 60-meeh gauze screens; gauze as fine aa OO-mesh being rarely 
used. 

Wells of l'/4-inch diameter are almost invariably driven. Sometimes 
the pipe strikes "rocks" so dense that a 75-pound hammer falling 15 feet 
will not start it, but where conditions are favorable 125 feet of pipe can 
be driven in 1^ days. Drilled 8-inch wells are put down by the wash 
process, charges varying from 50 cents to 91 per foot, with point and pump 
included. These wells often have 6-foot Cook strainers. 

LOCAL 8DPPLIES. 

At Exmore supplies are obtained from the "first spring," wells averag- 
ing 10 to 30 feet deep . The tank of the N^ew York, Philadelphia & Norfolk 
Railroad is supplied with water from a 14-foot dug well, 18 feet in diameter, 
supplemented by points driven to the "second spring" at 30 to 40 feet. A 
partial analysis of the water from the 14-foot, 30-foot, and 40-foot wells is 
given in table 7. The analyses are chiefly interesting for the increase in 
hardness and in chlorine with depth. An analysis of water from a 12-foot 
well, made by C. B. Dudley for the Pennsylvania System, showed 8.4 grains 
of total solid residue per gallon, consisting principally of lime and magnesia 
sulphate with no carbonate, a slightly corrosive water. 

The water in most of the village wells is soft and contains little iron. 
The pumps and dug wells at Nassawadox and Franktown show wide varia- 
tions in supplies. At Nassawadox, drillers know 4 "springs" at depths of 
8, 18, 28, and 38 feet. Water from the first is considered fairly good, that 
from the second and third irony, while that from the fourth has a decided 
sulphur odor. At Franktown, pumps are driven to two water beds, at 20 
and at 35 to 40 feet. Both furnish soft water that is not irony, but local 
physicians prefer water from the deeper bed. 
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At Eaetville, water is foiiD<i at approximate depths of 10, 30, and 40 
feet. Most driTen wells go to the 30-foot bed which yields a soft, slightly 
iron-beaTing water. One well driven 105 feet found no water below 33 
feet. A well at the Conrthonee, much used by the public, is driven 40 feet, 
and yields good water. (For field assay, see table ?.) The tank of the 
New York, Philadelphia & Norfolk Railroad has been supplied from a 14- 
foot dug well that gives a satisfactory boiler water. A partial analysis ap- 
pears in table 7. Another analysis made by C. B. Dudley showed 11.01 
grains per gallon of total solid residue, consisting chiefly of time and mag- 
nesia sulphates, with considerable chlorides. 

At Cheriton most pumps get water at IS or 30 feet; it is said to be 
medium soft and is more or less iron-bearing, though at some wells it con- 
tains very little iron. Water having a decided sulphur odor was found at 
63 feet in a well at Huff Brothers' store, and is no longer used. The record 
of this well is as follows : 

Record of well at Cheriton. 
(Authority, Huff Brothera, owners.) 



Material 


Thioknew 

(Feet) 


Depth 

(Feet) 




1 

29 
32 

1 




Yellow and gray sand, with water at 14 to 18 feet and 28 

















There are mauy flowing wells in the county but not nearly so many as 
in Accomac. Most of them are on the ocean side, several being on ITpsliur 
Neck, One of these, on Brownsville Creek, driven by W. M, E, Tilghman, 
of Nassatradox; for Thomas TJpshur, is 12? feet deep, 1^ inches in 
diameter, and flowed 1% gallons per minute at an elevation of 5^4 'eet 
above mean high tide. At Oyster, 5 1^-inch wells were drilled some years 
ago for W. T. Travis. They are said to range in depth from 175 to 325 
feet and to strike silver gray sands containing marine shells. The flows are 
about 1 gallon per minute at 3 feet above mean high water, and about one- 
third more at high tide than at low. The water has a faint sulphur odor 
but is excellent and is used for domestic supply and on fishermen's boats. 
A field assay of water from one well is in table 7. 

Cape Charles ia the only town in Northampton County having a public 
supply system. The supply in 1906 came from an open well, 20 feet in 
diameter and 20 feet deep, and 17 3-inch points, 3 driven to 40 feet, and 
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14 to leBfl depths. Twelve of these poiots were owned by the cJtj and 5 by 
an ice plant Owing to the steady draught the water table, normally abont 
8 feet below surface, has been lowered over a considerable area about the 
points, 80 that the 12-foot well is ordinarily entirely dry, and contains a 
few inches of water only after prolonged wet weather. The water from the 
points which tap the "second spring" in the Talbot sands mokes good ice, 
but forms scale in boilers. In 1906, about three-fourths of the town's popu- 
lation used city water, the remainder using pumps driven to the "first 
spring." 

At the shops of the New York, Philadelphia & Norfolk Bailroad are 22 
40-foot points and 4 90-foot points directly connected to a steam pump. 
The log of the deeper wells, situated at 4 feet above mean high tide, is as 
follows : 

Record of well of New Yorle, Philadelphia & Norfolk Railroad, at shops. 
Cape Charles. 

(Authority, Qeo. Bussell. BUperintendent motive power. N. Y. P. & N. R. R.) 



Material 



Surface soil I 

Buff sand; clfty 

Yellow Band, wat«r at 10 feet I 

White sand, quicksand with water 

Gravel and pebbles, pebbles j-ellow, white, red, and liluck ' 

Pea-green marl, no ahells j 

Black mud with rotten wood, no ahellB 

Shells and sand: good water at 00 fwt wliich rfsBH to 6 feet| 
of surface 



An attempt to get a flow by drilling deeper, made some 20 years ago, 
proved a failure, no freely water-bearing beds being found to a depth of 
300 feet, but the character of the rig used prevented this test from being 
decisive. In 1910, the railroad had a. well sunk over 1,500 feet by a careful 
driller, but found no strongly water-bearing sand between 40 and 1,520 feet. 

The water from the driven wells is used in stationary boilera, also by 
locomotives and steamboats. It forms a hard scale. At the shops the boilers 
are run in weekly alternation and thoroughly cleaned when idle. Soda ash 
caused priming and various boiler compounds tried were too costly for the 
results obtained. Analyses of water from a 14-foot dug well and from a 
90-foot point are given in table 7. It is not impossible, in view of the 
depression of the water table by pumping and the situation of the wells 
near the bay, that salt water may gradually work inland and impair the 
quality of the present supplies at the shops. 
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'I'lie conditions governing the underground occurrence of freah water 
on the low ialande along the coast have already been diseusped (page 117). 
To get water other than rain water is a matter of considerable importance 
because of the growing popularity of the iBlanda as resorts. Water from 
shallow driven pumps is the most available, though this is as a rule high- 
colored, irony, and, after high tides or dry weather, brackish. Wells sunk 
100 to 250 feet may give better supplies, much depending on the location 
of the island with reference to catchment areas on the mainland. 

'riie conditions on several of these islands are summarized below : 

Details of u-eUn on islands of Northampton County. 



Island 


Deepest 
well 

(Feet) 


Level of water 

above or below 

surface 

(Feet) 


Yield 
(Oal.p.m.) 


Quality 


Use 




ISfl 
185 

U 

169 11) 




-IW 


3 


Irony 














and stock 


Sandy, or Cherrj- 


+ 1% 


10 


^S 









No records of the materials passed throu^ have been kept, but water- 
bearing sands of the Columbia group (PleistoceDe) supply the shallow 
wells, and Chesapeake (Miocene) sands the deep wells. 

The well on Sandy Island is of interest on account of the small area and 
slight elevation (less than 5 feet) of the island, which is nearly covered by 
a large fish factory. The well supplies 20,000 gallons per day, the flow at 
l'^ feet above tide varies from nothing to 10 gallons per minute, but, by 
pumping, 80 gallons per minute can be obtained. The water, though 
brackish, is used for drinking and cooking and to supply 1 tubular boilers, 
rated capaeity 800 Itorsepower. Three fishing stcamerB owned by the com- 
pany also use the water. It forms a hard, white scale. A field assay is 
given in table 8. 

The wells on Fisliemian'a Island were driven to supply the Quarantine 
Station, the points became clogged by mst. and the wells were abandoned. 
The Bone Island well was sunk for a club-house and other buildings. The 
wntor is used for drinking and other purposes, but contains a rather large 
pei'centage of chlorine and is high in iron. 

Data regarding wells at other places in the county arc summarized 
below: 



yGoogIc 



248 UNDERGROUND WATER RESOUKCBS OF COASTAL PLAIN PROVINCE. 

Details of tvells in Northampton County. 



Depth of 
well 

(Feet) 



10-60 

driven and drilW 

12-30 dug 

12-50 driven 
10-lfi dug 
12-16 dug 

20-35 driven 



Shallow, sand, 
deep, son d and, 
gravel. 



Shallow, f< 

I deep, good. 

Shallow, fa 

deep, good. 



Franktown 

Uashlpongo 

Reed'B Wharf 

Stewart's Wharf , 

Wardtown 

Willia' Wharf . . . 



Sand 
Sand 
Sand 



Good 
Fair to good 
Poor to fair 
Salty to good 
Poor t- * ' 



deep, hard. 



soft; 



Conclusions. — At most points in the county driven wells, 30 to 50 feet 
deep, are preferable for sanitaiy reasons to those 10 to 20 feet deep; and 
for the same reason driven wells are much preferable to dug wells. Artesian 
iraters that will rise 3 to 5 feet above tide level can be had by wells ?5 to 
100 feet at many places, but the sands are not continuous, and depths to 
flows can not be predicted if no drilling has been done in the vicinity. 

While the lower formations of the Chesapeake group (Miocene) and 
the sands of the Pamunkey group (Eocene) may contain beds that will give 
flows at elevations less than 10 feet, and while the Upper Cretaceous and 
the Potomac undoubtedly contain such beds, einldng to depths of over 500 
feet is not advisable. As indicated by wells in Gloucester County on the 
west and across the Maryland line on the north, these deep waters are in all 
probability highly mineralized. 

At Cape Charles the quality and volume of the water obtainable near 
the water front to a depth of 1,500 feet have been proven. Better water 
can probably be had by wells 30 to SO feet deep driven east of the town, and 
larger yield by placing points at least 50 feet apart. The water found at 
S50 feet in sinking the deep well may repay investigation. 

On the off-shore islands along the coast deep water prospects are not so 
promising as on the mainland, and on some of these islands cisterns will 
prove more satisfactory than wells. 
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HOSTU U MBEBLANB COUHTY. 



General description. — KorthumberUnd Connt;, formed in 164S, oc- 
cupies part of the eastern end of the Northern Neck, the peninsula between 
Potomac and Bappahannock rivers. The county faces Potomac River on 
the north and Chesapeake Bay on the east, and has a decidedly irregular 
outline. 

Much of the county has the topography peculiar to the greater part of 
the Sunderland plain, a gently undulating surface, sharply cut by creek 
gorges. Altitudes on this plain are nowhere above 120 feet. Practically 
all streams draining the county flow to Potomac Biver or Chesapeake Bay, 
the county line on the south following the Potomac-Bappahannock divide. 

6eo7o^.— Columbia deposits mantle the surface. Miocene beds belong- 
ing to the St. Mary's formation are exposed at many points near Teocomico, 
Great Wicomico, Little Wicomico, and Coan rivers. They are prevailingly 
sandy, gray to greenish or bluish in tint, and contain beds of shells. The 
Pamunkey, the Upper Cretaceous, and the Potomac beds are not exposed 
within the county; veil records indicate that the bottom of the Cheeapeake 
group lies 320 feet below tide water on the western boundary of the county 
and 600 feet below at Pleet Point. The base of the Pamunk^ is 500 feet 
blow tide water at Kinsale and 700 feet below at Fleet Point. The crystal- 
line bed rock may be 1,600 feet below sea level at Kinsale. 

nin>BBQBonin} wateha. 

Distribution and quality. — Ground water, abundant and potable, is 
found in the Columbia sands and in the top beds of thi^ Chesapeake under 
most of the county. On the lower terraces many shallow wells go drj- in 
time of drought. The quality of the water varies from soft and sweet to 
hard, irony, or brackish. 

The deeper Chesapeake sands and the Pamunkey sands carry soft water 
under the whole county. There are artesian sands at the base of the Cal- 
vert, in the Nanjemoy formation, and in still lower beds, possibly Matawan. 
The heads of the flows range from 10 to 35 feet above sea level. The Chesa- 
peake flows are soft, alkaline, and slightly sulphur-bearing. The Pamunkey 
waters much resemble the Chesapeake but have leas sulphur odor. The 
Upper Cretaceous waters are harder than the Chesapeake and Pamunkey, 
and contain more lime salt. 

Springs. — There are many springs of the usual Coastal Plain type along 
scarps, and in gorges and gullies. The majority flow from Columbia sands, 
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a few from shell beds in the Chesapeake group. The great majority are 
without improyements and are used only for watering stock. From none is 
water sold. 

Wells.~Oa the higher terraces dug wells are lined with planks at the 
bottom and at the top, since the loams near surface are sandy. On the 
lower terraceB wells are lined with planks or boards throughout. A small 
proportion of the wells are lined with brick; very few are cased with tile. 
On the lower terraces are a few driven wells, and along inlets from Potomac 
river and Chesapeake bay are many drilled wells. Most of these are of small 
diameter, under 2 inches, and go only to the first sand that will yield a flow. 
A few are of larger diameter, 2 to 6 inches, and go down more than 500 feet. 



LOCAL 8CPPLIE8. 

At Heathsville, the county seat, all the water used is obtained from dug 
wells 25 to 45 feet deep; in some wells it is hard. 

On Yeocomico and Coan rivers most of the flowing wells get water from 
Calvert sands at 250 to 320 feet. A field assay of water from the Calvert 
flow at Coan on Coan River is given in table 8. 

The wells on the Great Wicomico are among the most notable in Tide- 
water Virginia. They range in depth from 590 to nearly 700 feet, and are 
^ to 6 inches in diameter. Most of them were drilled by tlie same con- 
tractor, R. H. Milligan, of Crisfield, Md. Through the kindress of Mr. 
Milligan the following record of a well at Eeedville is publislie<l : 

liecord of 698-foot well of J. C. Fisher. Rvedvilh. 
(Authority. R. H. Milligan, driller. 1 

u-i.^.i I Tliickneiw i Depth 

Material -„„,, , ,„r,,, 



Soil, sand, gravel etc 

Sand)' clay 

Blue clay 

Dark marl (clay and sand, full of shells) 

Shell rook 

Hard dark marl 

Rock 





2fl 

8 

m 

4 
210 

8 


400 


















gallons through a 2-inch pipe at 30 feet above tidewater 


<l»s 



yGoogIc 



NOBTHUUBBBLAMD COUNTY. 



Mr. Sfilligan aleo faroished the following QOtee on the formations pene- 
trated below 670 feet by the well at Fleet Point. 

Partial record of well of Fleeton Development Co., Fleeton. 
(Authority, B. H. Uillipui, driller.) 

Material 

No record 

Hard whit« sand .containing a little water 

Hard marl, with green claj' below 

Sand, wat«r-bearing, flow at surface 16 gallons per minute 

through 3-inch pipe 

Dark clay or marl 

White sand, water-bearing, flow not tested 

Red clay |a streak not over 1 foot thick and "red as paint" 

at 7E6 feet) turning brownish below 

White sand lying in crusts, cornea up in balls easily crushed 

-with the fingers, water-bearing; flow 30 gallons per minute^ 

through 2-fnch pipe 

The red clay and the white aand below it correspond to those struck at 
TJrbanna, in Mllddlesex County, at 520 to 590 feet. 

Tlie water from the deep wells on the Great Wicomico is used for gen- 
eral household purposes, but particularly for boiler supply and for cleaning 
at the fish factories. 

The conditions reported at some places in Xorthumberland County, 
where dug and driven wells are the sole sources of supply, are summarized 
aa follows: 

Detaiis of wells in Northumberland County. 



Depth of 
well 
(Feet) 


Water bed 


Quality of 
water 


36-7Z 
20-35 

&-80 
10-14 
36-BO 

IS 
40-50 


Sand and rock 
Sand 

Sand 
Sand nnd gravel 

Sand 
Iron crusts n n .1 

clay. 
Iron crusts and 
luind. 

Sand 

Sand and mari 

Sand 

Sand 


Good 
Shallow, salty 
deep, good. 
Solt to hard 

Soft 
Slightly bard 
Soft, brmckish 


25-flO 
S-20 


Soft 
Soft 


10-15 
16-25 


Soft 
Soft 


7-16 
10-80 


Sand 


Good 



BUckwelU 

Brown's Store . . 

Coan 

Callao 

Fleeton 

Hyacinth 

I.ottiburg 

Dynhams 

Mila 

Reedville 

Rainswood 

Sampson's Wharf 

Tibitha 

Wicomieo Church 
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Concliisions.—la Korthumberland, as in other counties in the Virginia 
Coastal Plain, the development of groond water by dug welU is not always 
done with proper care. Though moat wells, ezcept those in villages, are not 
situated dangerously near privies and other sources of pollution, the pro- 
tection of the wells at surface is usually altogether too slight. An abundant 
supply of aTt«sian waters that will rise 35 feet above sea level can be had 
anywhere in the county by properly drilled and cased wells. The develop- 
ment of this wat«r merits more attention than it has received, in spite of 
the many flowing welb in the county. At Heathville, soft water can be 
had by drilling 340 feet ; it will have to be pumped as it will rise only to 
within about 40 feet of the surface, 

PRINCE OEOSOE COUNTY. 

General description.—Pnnce George County, formed in 1702 from 
Charles City County, lies south of James River and the tidal portion of 
Appomattox River, east of Petersburg. The most thickly settled portion 
of the county is near Petersburg, which city is just across the county line 
in Dinwiddle County. 

The county is near the western edge of the Coastal Plain, but, except 
along James River where the more important creeks, Baileys, Graves, and 
Chipoak, have cut short valleys, the topography differs from that of 
counties along the "fall-line" to the north. The headwaters of Blackwater 
River are only 5 miles from Appomattox River. Blackwater River flows 
into the Chowan, which empties into Albemarle Sound 150 miles to the 
southeast. Except near their mouths, the creeks flowing to the James 
have steep gradients ; those flowing to the Blackwater and Nottoway have 
flatter gradients. The larger streams flow through narrow swamps 30 to 
€0 feet below an undulating sandy plain. The valley slopes are without 
steep descents. The highest points in the county are just south of Peters- 
burg and have an elevation of 200 feet, but most of the county is com- 
paratively low, a considerable portion being less than 100 feet above sea 
level. Terraces are clearly traceable along Appomattox and James rivers, 
but along the tributaries of Blackwater and Nottoway rivers the terraces 
grade into each other by slopes; scarps are not prominent. The greater 
part of the high ground of the county is included in the Sunderland terrace. 

Geology. — The oldest visible formation within the county limits is the 
Patuxent of the Potomac group (Lower Cretaceous), Tfs characteristic 
arkosic sandstones and incoherent sands containing pebbles, cobbles, and 
clay balls, are expoj'ed near Livetenant Run. a tributarj- of Appomattox 
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River, in the nortliwcst comer of the connty, and in various places near 
Appomattox River for 4 or 5 miles northeastward. The greensands and 
shell beds of the Aquia formation of the Famunkey group (Eocene) out- 
crop on Livetenant Bun near the Petersburg waterworks pumping station 
and at several places on James River, as in the blnffs at City Point. The 
Calvert formation of the Chesapeake group (Miocene) containing dark 
and light diatomaceons clays, and dark and light sandy clays, with shell 
beds, overlaps both the Famunkey and Potomac. The base of the Chesa- 
peake ia 5 feet above sea level at Coggins Point, but is about 150 feet 
below at the mouth of Chipoak Creek, 10 miles southeast. Near Peters- 
burg, the base of the Famunkey ia about at sea level, whereas at City 
Point, 6 miles northeast, it is about 20 feet below, and between is a wide 
stretch of country where Potomac beds are 50 feet above sea level. The 
base of the Famunkey at the mouth of Chipoak Creek is about 300 feet 
below sea level. 

DKDBBQROCND WATERS. 

Distribution and qvalitj/. — An abundance of water ia stored in the 
Columbia sands and the upper beds of the Potomac and Famunkey groups 
in the western part of the county, and the upper beds of the Chesapeake 
in the eastern and aonthem portions. The quality shows wide differences, 
but the water generally is soft. Relatively few deep wells have been drilled 
in the county, and little is known of the quality of the Fatuxent and 
Potomac waters under more than 100 feet of cover. 

Springs.- — Prince George County contains numerous springs, but none 
of commercial interest. Some are used for household supply. One of the 
most noted is at City Point ; it really consists of several springs developed 
by digging along the face of the bluff, and once supplied the hospital of 
Grant's army. It ia now used by several families. The total flow is per- 
haps 50 gallons per minute. The water is clear, tasteless, and odorless, 
but, ae it comes from shell t>eds in the Famunkey, is slightly hard. 

At Coggins Point a spring that flows from sand beds near the top of 
the Chesapeake supplies the residence of David Dunlop. The water is 
pumped by a gasoline engine from an enclosed masonry basin to an ele- 
vated tank, and is distributed thence to the dwelling house and other 
buildings. The flow is 26 gallons per minute. The water is clear, taste- 
less, odorless, and low in lime (for fleld assay see table 6). 

Two springs are worthy of note. One, having a flow of 25 gallons per 
minute, is 2 miles west of Dispntanta, the other ia at Warvrick Church a 
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mile farther west. Both springB flow from surface saods a foot or two 
above the levd of the water in Warwick Swamp. Field assays of the 
waters are given in table 6. A spring near Garysville has been utilized 
for household supply by means of a ram. 

}YelU. — Dug wells that draw on water-bearing sands in the Columbia 
formations are the chief source of supply in villages and on farms. Host 
of them are cased with wood, a few with tile; near Petersburg are many 
deep, bricked wells. The cost of dug wells varies. At City Point the cost 
of weUs 20 to 50 feet deep is $3 per foot for digging and bricking. There 
are some driven wells and some bored wella. In places ordinary driven 
wells are unsatisfactory because of fine sand clogging the pipes and cutting 
pump valves. 

LOCAL SUPPLIES. 

At Prince George Courthouse only dug wells are used. These yield 
water that is said to be slightly hard. The lower part of Blandford, a 
suburb of Petersburg, is supplied with surface water from the Petersburg 
system. The dug wells on tiie high ground are 40 to 60 feet deep, and 
usually get soft water. On the lowland near Appomattox River driven 
wells get water of varying quali^ at depths of 20 to 85 feet, from Columbia 
or Potomac sands and gravels. At City Point, where dug wells 20 to 50 
feet deep get hard water, a drilled well 112 feet deep obtains from Potomac 
gravels plentiful supplies of soft water that is sometimes tnrbid from clay 
in the water bed. Samples saved from this welj served for the following 
record : 

Record of well of the Mieaes Epes, City Point. 

Material 




Sol], clay and aand (no sample) 

Fine to coarae quartz sand with a little dark clay and luuoli 

glauconite 

Quartz sand, glauconitio, and coarse gravel, in light clay 

Fine to coarse white gravel with a little arkoBic sand, some 

glanconite 

Fine gravel in white clav 

Gravel and well-rounded pebbles up to 2 inches in diameter, 

with a little white ciav; water-bearing 

A complete analysis of this water, of interest because of the location of 
the well, is given in table 11- 

At Coggins Point a well 307 feet deep passed through several water- 
bearing beds between 60 feet and the bottom, but could not get a flow, as 
the elevation of the well mouth is 63 feet above mean high tide in James 
Biver. 



,y Google 



PRINCE QEOBQE COl'^TY, • 2.55 

At Disputants, people rely on dug wells about li feet deep which get 
soft water from red, buff and jellow loams of the Columbia group. As 
tlie loama stand well, many of the wells are not cased, having only 2 or 3 
feet of wood curbing at the top. The average depth of the wells within a 
mile of DiBputanta is SO feet; the deepest well is 35 feet. In the vicinity 
of Wall's Store wells on slopes get hard water at 10 to 15 feet in marl, while 
those on high ground get soft water at 32 to 25 feet in white sand under 
red clay. 

Information regarding dug wells at other points in the county ia sum- 
marized herewith: 

Details of dug we-lh in Prince George County. 

Location I '^^wdl *' Water bed *wHty of 

I (Feet) "^' 

Academy 

Brandon 

Barrowarille 

HBrriaon Orove Comer . ■ . 

Edlttw 

G«ry»ville 

Templeton 

Spratleyville 

YounKblood's Store 



16-20 


1 Loam and land 


Soft 


15-40 

32 
20-SO 
20-40 


Shallow, land; 

deep. marl. 

Sand 

Sand 

Sand 


Good and bad 

Soft 
Soft 
Soft 

Soft 


30 
20-36 


Sand 
Sand 



At Spratleyville a bored well near the store went through soil 3 feet; 
variegated clay, 15 feet; yellow sand, 18 feet; coarse white gravel — ^water- 
bearing — 1 foot. Near Garysville wells on high ground go through soil, 
1 foot; red clay, 10 feet; yellow sand with cobbles, 3 feet; "pipe" clay 
and red clay, 10 feet; and get water from white sand. 

Conclusions. — As the western side of Prince George County is near the 
edge of the Coastal Plain, there is alight chance of obtaining flowing wells 
except along James Eiver east of City Point. Flows with heads of 10 to 
25 feet above tide can be had from Pamunkey and Potomac beds on low- 
ground near the river east of Baiieys Creek. 

Al Prince George artesian water can be had from the Potomac beds by 
pumping; the water will rise to about 35 feet below the level of the Court- 
house. At Disputanta, the artesian waters in the Pamunkey and Potomac 
sands will rise to about 40 feet below the level of the railroad station. 
Hence there is no chance of getting flows. 
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FBIRCES8 AHBE COUIITY. 

Oeneral description. — Princese Anne County, formed in 1691 from ■ 
Norfolk County, ia bounded on the north by Chesapeake Bay, on the east 
by the Atlantic Ocean, on the eouth by the North Carolina line, and on the 
west by Norfolk Countj'. The only incorporated town in the county is 
Virginia Beach, a noted reaort. 

The surface of Princess Anne County ib flat and is included in a low 
terrace. At the northwest, between the eastern branch of Elizabeth 
River and Lynnhaven Inlet, the surface in places rises 26 feet above mean 
sea level, but much the greater part of the county has an elevation of less 
than 20 feet. The highest points are on the aand dunes near Cape Henry, 
over 76 feet high. The county contains considerable tracts of swamp and 
marsh land. Shallow lagoons with wide stretches of salt marah lie back of 
the barrier beach that extends from a few miles south of Virginia Beach 
to the North Carolina line. The principal streama are tidal and have 
marshy shores. 

Qeology. — No formations older than Columbia beds are exposed. The 
youngest Columbia formation, as shown by well records, is probably 75 feet 
thick. It comprises buff loams and light-colored sands, underlain below 
water level by soft, dark clays, termed marsh mud by weJi drillers, sands 
and shell beds. 

Below the Pleistocene beds lies the Chesapeake group, the upper part 
of which shows by well records not less than 250 feet of dark, sandy clay, 
which contains continuous sand beds and beds of shell marl, but in general 
is dense and impervious. Famunkey, Upper Cretaceous, and Potomac beds 
underlie the Chesapeake in order. Crystalline bed rock ia over 2,200 feet 
below sea level. 

DNDEBOBODND WATBBS. 

Distribuiion and quality. — Water lies near the surface in Princess Anne 
County, and abundant supplies can be had almost everywhere, but the 
quality at many places is not satisfactory. The shallow water where the 
water table is just below the surface is in many places of objectionable 
color or odor, and is not considered healthful. In some places this water is 
iron-bearing, and, along tidal inlets and on the barrier beaches, it is 
brackish. The waters, 15 to 50 feet below surface, are lesa liable to be 
polluted and are preferred. In places they are irony or brackish, and as a 
rule are hard. The discontinuous sauds near the top of the Chesapeake 
group have been little prospected. The quality of the deeper flows, as 
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Bhown by the well at the Norfolk City Waterworks pumping station, has 
already been discussed. (See page 110 et seq.) 

At their best> the Columbia stipplies are soft and clear, and as good 
drinking water as can be desired. At their worst, they are so highly colored, 
hard, iron-bearing, and salty as to be nnsnited for most purposes. 

Springs. — There are few springs in Princess Anne County ; one of com- 
mercial importance is Diamond Spring, situated on land owned by 0. F. 
Hodgman, a quarter of a mile east of Waterway. The water issues from 
Talbot sands at the foot of a slight descent to an arm of Lake Lawson, and 
the flow is said to vary but little during the year. The water has been sold 
in Norfolk. The following sanitary analysis was furnished by the owner: 

Atutlysis of water from Diamond Spring near Watertvay. 
(C. F. Chandler, analyst.) 

Parts per 1,000,000 

ToUl •olidi 36.4 

Organic and volatile 12.5 

ChJoridw 10.6 

Chlorides as sodium chloride 17.4 

Phosphates 0.0 

Nitrogeu as nitrates and uitritei 1 . fiS 

Permanent hardneai, equivalent to CaCO, 13.1 

The sanitary surroundings of this spring in 1906 were excellent. 

Other springs are those of E. B. Macon and W. B. Strong, 2 miles west 
of Virginia Beach, which have been used for domestic supply. 

Wells. — Driven wells are the principal sonrce of water supply. Many 
of them are inexpensive, being driven by a maul to the first water-bearing 
sand and finished with a pitcher pump. The yields vary greatly. Where 
the ground water is iron-bearing and corrosive the yield is much reduced 
within a few years by rust clogging the pipe. Wells finished with brass 
gauze, or slotted brass screens, and good pumps maintain their yield much 
longer. 

Dng wells are used chiefly for stock; because of their easy pollution 
they are reccommended only for irrigation. Several deep wells have been 
drilled in the county ; particulars of some are given in table 5. 

LOCAL SUPPLIES. 

The Norfolk County Water Co., which supplies part of the city of 
Norfolk and several suburban settlements, has its pumping plant on a tract 
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of land containing about 375 acres, some 5 miles northeast of Norfolk, and 
a mile east of Moore's Bridge. Here the company had driven or dug, 
previous fo December 1, 1906, 36 wells, varying in depth from 30 to 40 
feet; all cased with iron. Thirty of the wells are 6 inches in diameter, and 
6 are 54 inches. Water normally, stands 9 to 17 feet below the surface, 
which has an elevation of 15 to 25 feet. Below the light-colored Talbot 
aands are bluish sands containing shells and some dark bluish clay. One 
well driven 50 feet as a test found no water in these beds. The following 
average section was given from memory: 

Average record of wells of Norfolk County Water Co., Wateitvay. 



Soil 

Fine yellowish Band 

Yellow and brownish coarser sand with some gravel. . . 

Fine white sand 

Medium coarse light yellow sand 

Fine bluish sand with shells, sticky bluish mud below. . 



Before locating its pumping plant, the company tested several tracts of 
land north and east of Norfolk, driving possibly 30 wells in all. The 
present site was selected because of the yield and quality of the water 
obtainable. An analysis in table 7 shows, according to the company, the 
average quality of the ground water in the vicinity of its wells. 

The pumping plant of the Norfolk City Waterworks is a little more 
than a mile southeast of the Norfolk County plant. The supply is from 
shallow ponds, connected by canals. These canals in places went through 
shell beds lying apparently from 5 to 10 feet below water level. At the 
pumping station is a deep, artesian well, described on page 110. 

At Virginia Beach, which has a population of possibly 5,000 during the 
height of the bathing season, several attempts to get artesian water have 
been made. One in 1890 found no water that would rise 10 feet above sea 
level though the well went down 360 feet. Another well driven some years 
later at the Princess Anne Hotel obtained water of fair quality at 90 feet. 
This water did not rise to surface, but to about sea level. In 1906, supplies 
at the Beach were obtained from shallow wells driven 5 to about 30 feet, 
estimates of maximum depth vaiying considerably. The first water is 
found in sands below buff or yellow clay. The following record was given 
as a fair average of the materials penetrated : 
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Well at Virginia Beach. 
(Authority, J. L. Walker.) 



Sand; ioil - - 

Yellowiah and reddiah e\aj 

White Band «Lnd blna clay in alternating atrata, 2 to 4 teet thick 



10 



MoBt of the wells have hand pumps, some have wind pumps, and a few 
ateam or gasoline pumps. 

Some wells yield soft and some yield hard water. Uany, near the 
ocean, yield slightly brackiah water. At nearly all wells the water con- 
tains some iron, at a few it contains little. Cistern water is largely used 
for drinking. A field assay of a sample from what was said to be one of 
the best wells on the beach appears io table ?. 

At Cape Henry driven wells, 10 to 20 feet deep, and cisterns are used. 
Some of the wells yield soft water, but at most the water is highly colored 
and at some brackiBh. Along the ocean beach from a few miles south of 
Virginia Beach to the North Carolina line there is no good well water. 
Between Lynnhaven and Broad bays clear, soft water is reported at 15 to 
25 feet, in sand below red clay and sandy surface soil. Dug and driven 
wells at other points obtain supplies that vary in quality from place to 
place. Some conditions reported are here recorded: 

DetaUg of wells in Princees Anne County. 



Herbert 

Jockaondale 



Depth of 
well 

(Feet) 


Water bed 




Qaality of 

water 


12-15 


Sand 




Good 


26 


Sand 




Irony 


8-30 


Sand 




Shallow, soft; 
deep, hard and 
Irony. 


10-20 


Sand 




Shallow, irony; 
deep, good. 










10-15 


Shallow, clay 


anr 


Shallow, good or 




•and; deep, nrad 










hard and irony. 


10-15 


Sand 




Good 


20-25 






Sli^Uy brackish 



Conclimona. — Enough driven and drilled wells have been sunk in 
Princess Anne County to show average prospects. Excellent water can be 
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had near the surface at maoy points, at other points cistern water or water 
from ponda or lakes will be found more satisfactory. More attention 
should be given the location of shallow wells, and the in discriminate driv- 
ing of woUs 10 to 30 feet deep in the imniediat€ vicinity of privies and 
cesspools should not be tolerated. 'Deep driUiag in the hope of finding 
potable water from the baaal Chesapeake (Calvert), Pamunkey, Upper 
Cretaceous, or Potomac sands is inadvisable ; in fact, vrill in all probability 
prove a waste of effort. 

At Virginia Beach the possibility of getting water of satisfactory 
quality from driven wells in vacant land away from tidal inlets had re- 
ceived little attention up to 1906. The supply of the town must come 
either from such shallow wells or from ponds. 

An adequate supply for the municipal waterworks of Norfolk can be 
more easily and cheaply obtained from streams than from wells. 

panrcE williah couittt. 

Oeneral description. — Prince William County, formed in 1730, lioe on 
the west side of Potomac Biver above the big bend. Only a small part of 
its area, a strip along the river containing about 80 square miles, libs within 
the Coastal Plain province. 

Lying on the slope from the Piedmont Plain to Potomac River, with 
differences of altitude of over 300 feet, the Coastal Plain area has been 
deeply eroded and the topography is rough and broken Except for a few 
strips on the lower terraces near the river there ih little level ground. 
Patches of the Lafayette terrace back of Quantico are 300 feet above sea 
level, but intermediate terraces are traceable with liffieulty. The drainage 
in the Coastal Plain section is in creeks tribucary to Potomac River, of 
which Occoquan Creek, which forms the northern boundary of the county, 
is the most important. 

Geology. — Overlying the crystalline oed rock, which is exposed along 
the upper courses of the creeks, are tl>e gray arkosic sands and sandstones, 
and drab and brown clays of the Patux-cnt formation of the Potomac group 
(Lower Cretaceous). Except for small scattered patches the Pamunkey 
(Eocene) greensandB and clays have been removed by erosion, and the 
Chesapeake (Miocene) beds have been entirely removed. The cobble beds, 
sands, and bright-colored loams of the Columbia formations, and the 
Lafayette, hide the Potomac beds in many places. 
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DNDEROROCND WATER8. 



Tlie Patu-tent formatioD, as bIiowq by deep wells near the rivef, con- 
tains water-bearing sands that vary in thickness, lateral extent, and yield 
to wells. At most places one or mere sands yield good water freely. 
Ground waters reached by dug, bored, or driven wells, lie in Columbia, 
Lafayette, or Potomac sands, at varying depths according to the location 
of the wells. As a rule the water is soft. 

Springs are numerous. Little use is made of most of them and none 
are now of commercial importance. One, that of J. R. King, a mile north 
of Dumfries, was a resort of some note 50 years ago. 

LOCAL BCPPLIES. 

Artesian wells have been sunk at Myron (Cherry Hill), Quantico, and 
at a point 5 miles north of Quantico. The following record of the well at 
Myron was obtained from N. H. Darton. 

Record of well at Cherry Sill. 
(Authority. W. C. Miller, driller.} 



Material 



SniKi nntt, (travel 

Sand; cloy 

Vcllnw Rand and gravel with watM* 

Xo record 

Vellow Fiand anit ^nvel, some water 

Blue clay mixed witli nand. M>me water 

Blue and brown elay 

Blue sandy clay 

Fine Band with water 

Blue clay, mixed with a little sand 

C'oarxe sand with gravel, plenty of water 

Blue elny and sand with rock ( ! ) at 2ST feet - 



The well yielded 50 to 60 gallons per minute during an 8-hour pump- 
ing test. 

The water is soft and slightly iron-bearing, a yield by pumping of about 
■MO gallons per minute through a 4-inch pipe is reported. 

The well at Quantico is 210 feet deep. Darton" has published this 
record : 



"Darton. N. H., Op. cit., 18M. p 
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Record of well at Qvanttco. 



White clay 

Fine gravel 

Red elay 

Fine red smnd 

Very hard blue clay 

Fine sand 

Dark clay 

Coarse dark sand 

Light-colored clay 

Very coarse sand and water.. 



This well, 4 inches in diameter, flowed 30 gallons per minute at 10 feet 
above the river. The head is said to have been 22 feet. The water is used 
by a number of families in the village. 

The well 5 miles north of Qnantico was sunk for the projected town of 
Barrow, and is little nsed. Water was stniek in a bed of sand, or sand- 
stone, at 143 feet. The following record has been published :" 



Record of well at Barrow. 



Clay and marl 

Grftvel 

Clay 

Sandstone 

Coarse sandstone, water-bearing . 

SandetoDe 

Bluish sandy clay 

Brown clay 

Bluish uindy clay and fine sand . 
Sandstone, large supply of water. . 

Yellow clay 

Sand with pebbles 

Yellow clay 



. clai 



Some reported depths of dug wells and the supplies obtained are as 
follows : 

Details of dug wells in Prince William County. 



Depth of 
Location wells 

(Ftel) 

lewville 25-65 

mfries 20-80 

ibsco 20-30 

nDarton, X. H., Op. eit, lSfi6, p. 177- 



*' "^ water 

Qravel i Soft to irony 

Shallow, iron Soft, bard, irony 
crusts; deep,| 

Sfliid ' Soft 
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General description. — Richmond County, formed in 160S from old 
Rappahannock County, Ib in the Korthem Keck, the peninsula between 
Potomac and Rappahannock rivers. The more important creeks, Monatico 
and Totuskey, drain into the Rappahannock. The topography resembles 
that of many counties north of James River. The creeks head in sharply 
cut valleys and are tidal and bordered nith salt marshes along their lower 
courses. The maximum altitude of the Sunderland plain is about 150 
feet, near Farmers Fork, and 100 feet near Downings. 

Geology. — The loams of the Columbia formations are exposed in many 
road cuts. The dark, clayey sands of the St. Mary's formation of the 
Chesapeake group (Miocene) outcrop at numerous points along Rappa- 
hannock River and its tributary creeks. Pamunkey (Eocene) beds are 
not exposed, the base of the Chesapeake lying about 50 feet below tide in 
the northwestern comer of the county, and 300 feet below near Simonson 
in the southeastern part. Upper Cretaceous beds probably underlie the 
Pamunkey and are in turn underlain by Potomac. The bottom of the 
Pamunkey is probably 300 feet below tide at Carter's Wharf, and 450 feet 
below at Simonson. Bed rock lies fully 1,000 feet deep. 

UNDEROBOUND WATERS. 

Distribution and quality. — The sands of the Columbia formations and 
the highest Cliesapeake beds contain ground water that varies in quality 
from soft and clear to hard and irony. Near the middle of the Chesapeake 
in the Choptank formation and toward its base in the Calvert formation 
are coarse sands that yield artesian water. Other sands lie in the Nan- 
jcmoy formation of the Pamunkey. Heads vary from 30 to 35 feet above 
tide. Chesapeake and Pamunkey waters are soft and limpid, but the 
former have as a rule a alight odor of sulphur. The Chesapeake waters, as 
in Essex County across the Rappahannock, are less alkaline and contain 
more lime than farther east. At a number of places the substitution of 
artesian for shallow well water is said to have resulted in a marked im- 
provement of the public health. 

Springs. — Richmond County abounds in springs, but little use is made 
of them, except by stock. The springs are of small volume, seeps rather 
than hold flows, relatively few c.'tceeding 5 gallons per minute. One owned 
by A. J. Snyder, near Blantyre, flows about 5 gallons per minute of soft 
water from iron crusts at the base of the Sunderland formation. There 
is no spring in the county from which shipments of water are reported, or 
is a resort. 

Wells. — Dug wells are almost the sole source of supply on high ground. 
Many are cased with wood from top to bottom. At some of the old churches 
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and at old manor houses are bricked wells. Many of tlie shallow welU fail 
in prolonged droughts. Along Bappahannock River and tributary creeks 
are a consideralile Dumber of drilled wells, practically all of small diameter. 
The contract price for sinking about 275 feet ranges from $50 to $75. 
The actual labor cost of sinking, if everything goes nicely and no hard 
beds or "rocks" are encountered, may be $25. 

I.OCAL SUPPLIES. 

At Warsaw, on the Sunderland plain, water is obtained from dug wells 
35 to 50 feet deep, of which there are about 30. The following is an 
average section of the beds penetrated: 



General section at Warsaw. 








ThickneM 
(Feet) 


Depth 
(Feet) 




6 

17 
U 
3 

2 




















Fullers enrth. dsrk blue clay 





The white sand bed halfway down gives much trouble to wells cased 
with plank in the usual way. The average life of the plank, as it is above 
water level, is but 6 or 7 years, and replacing the casing when decayed is 
more or less troublesome. 

Along Rappahannock River not less than 50 artesian wells have been 
driven, there being at least 17 at- Sharp's Wharf alone. Depths vary from 
IfiS to 366 feet, but most of the wells draw on sands in the Calvert fonna- 
tion 160 to 300 feet below tide. Summarized information is given iri 
table 5. 

The following record of a well at Xaylor's Wharf is given by Darton": 

Record of dG6-foot welt at Naylur's Wharf. 



Surface deposits 

Fullers earth 

Marl 

Bock straU, 1 to 15 feet opart, containing watev 

Black sand 

Blue fullers earth 

Dark ornnge'Cnlor«l loam 

Black sand, full of water, which riKes to 35 feet above tide 

Blue fullers earth, underlain by a soft rock layer, with water 
that rines to 45 feet above tide- - 



nDarton, N. H., Op. Cit.. p. 175. 
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This well is used for domestic supply and by a canning factory. The 
quality of the water, which rose from a black sand in the Aquia formation, 
is shown by the field aesay in table 9. 

At Sharp's Wharf, one of the most important oyster-shippinp; points on 
Kappahannock Biver, most of the flowing wells go about 240 feet below 
tide and get water in the Calvert formation, from the same sand beds that 
are tapped by the wells at Bowler's Wharf on the opposite shore of the 
Rappahannock. A few go .t60 feet to the Nanjemoy, and at least one 
reaches an Upper Cretaceous ( ?) sand at 440 feet. The head of the 240- 
foot wells was originally 24 feet, that of the 320-foot wells is about ^(0 feet 
above tide. The water is used for removing the mud from oysters as they 
are brought from the be<ls. and for washing shucked oysters. The flows 
are also utilized to keep oysters from freezing in winter, a pile of several 
hundred bushels being kept through the sharpest frosts without injury by 
allowing the water, which has a temperature of 6:)° F., to flow over them. 

At one of the wells near Wellford'a Wharf, which draws on Choptank 
sands, the following beds were penetrated : 

Record of 165-joot iceil of Frank Garland at Wellford'A Wharf. 
(Authority, Frank Garland, owner.) 



Mnterial 



Sand 

Blue mud or "marl" 

Gravelly tsiid 

Thin strata of rock 

Sand and rock, with hard rock ntratum at \R3'/^ feet: water 
in Bhell rock at ISA feet I 2,'i I IBS 

This well, at an elevation of 6 feet, flows 24 gallons per minute. The 
head is abont 22 feet above mean high tide, and is a foot lower at ebb than 
at flood tide. 

\ear Whealton are several wells that tap deeper sands in the Calvert 
formation. 

Near the bridge across Totuskey Creek east of Warsaw, several flowing 
wells draw on Calvert sands at about 180 feet. The water is used for 
domestic purposes, in saw-mill boilers, and at a canning factory. It is 
called a fairly satisfactory boiler water though having a tendency to foam. 
Field assays are gixen in table 8. 

The following rw-ord of a well higher up Totuskey Creek is of interest 
from the occurrence of a sand yielding artesian water at a depth of only 
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65 feet. This aand, which was found also in a dug well, is probably of 
limited extent. 

Record of well of W. E. Garland, near head of Totuskey Creek, 5 miles 
east of Warsaw. 



Surface wash 

Blue marl, vater at 05 feet . 
Rock 



Blue marl 

Elock 

Sand (composed of medium quartz grains with much dark 
Kreen to black fjUuconite ) ; water, head at 30 feet 



The flow is 16 gallons per minute through a IV^-inch pipe at 8 feet 
above river. This well was put down by the owner in less than a day. The 
water is used for household purposes. The overflow, received in a cement 
basin protected by a small building, prevents viands from freezing in 
winter and keeps them cool in summer. 

Data collected at various places in the county regarding dug wells are 
given below: 

Detailg of dug wells in Richmond County. 

, Depth of , I i-»i..lit^ nf 

location well I Water bed , ^ ,il 

■ (Feet) ; I """^ 



Blant;re 

Carters Wbarl . 

DowaiDgs 

Farmers Fork . 

Farhflm 

fiajnesville . . . 

Ivondale 



20-50 
16-50 


Clay or sand 
Loam and sand 


' Hard 

i Soft 










Sand or clay 


Soft to hard 






deep, hard. 


18-15 

18-20 
15-22 


Clay 

Clay and sand 

Sand 


soft; deep, hard. 
Soft 
Hard 

Soft 



Conchtsions. — Water that is perfectly healthful, so far as freedom from 
disease germs is concerned, can be had by dug or bored wells less than 50 
feet deep at many points in the county, provided the wells are not located 
near sources of pollution, and are properly cased or lined, preferably with 
tile. Soft, iron-free, artesian waters can be had anywhere, but pumping will 
lie ncL-essarj- at places more than 20 to ;)5 feet above sea level. 
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At Warsaw, elevation 106 feet, good supplies can be had by Binking a 
6-iiich well to the Calvert sands about 300 feet belov the level of the Conrt- 
house. There is also a poBsibility of obtaining water in the sands at 285 
feet down. From neither of these sands will the water rise to 50 feet of 
surface. 

SOUTHAMPTON COTTHTT. 

General description.- — Southampton County, formed in 1784 from Isle 
of Wight, lies between Sussex County and the Tforth Carolina line, its 
north end being 30 miles southeast of Richmond. 

The county has a rolling surface. It is traversed by Blackwater and 
Nottoway rivers, which unite to form the Chowan at the southeast corner 
of the conn^, and is bounded on the southwest by Meherrin Eiver, These 
streams flow through rather open valleys and meander across low terrace 
plains, and their tributaries are called swamps. A large part of the sur- 
face is included in the Sunderland and Wicomico terraces. Later 
Columbia terraces can he traced along the river valleys, but their total 
extent is undetermined. The maximum elevation of the highest terrace 
is about 110 feet near Joyner, Ivor, in the northern part of the county, 
has an elevation of about 90 feet. The highest ground in the vicinity of 
Franklin is 84 feet above sea level. In the valleys of Meherrin, Nottoway, 
and Slackwater rivers in the southern part of the county, a low Columbia 
terrace, with an elevation of 20 to 25 feet above tide water, covers large 
areas. The extent of the low terraces, those less than 40 feet above tide, 
is an important question since it is along them that flowing wells are to 
be had. 

Geology.— The sandy loams of the Columbia formations hide the older 
deposits over nearly all the county, the Chesapeake (Ikliocene) sands and 
marls being exposed here and there on valley slopes. The base of the 
Chesapeake is about 20 feet above sea level in the west end of the county 
and 120 feet below near Franklin, evidently dipping eastward about i^ 
feet per mile. The Chesapeake thins to feather edges at the west, but is 
200 feet thick on high ground in the northeast end of the county. The 
Pamunkey (Eocene), Potomac (Lower Cretaceous), and Upper Creta- 
ceous beds underlie the Chesapeake group under part of the county, but 
toward the southwest the Pamunkey beds thin out and disappear and the 
Chesapeake rests directly on the Potomac. Even at Franklin there is no 
positive evidence that the Pamunkey is present. At Emporia, in Greenes- 
viile County, 2 miles west "of the west corner of Southampton County, 
crystalline bed rock comes above sea level, so that the thickness of the 
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Potomac and Upper Cretaceous beds in Southampton County varies from 
almost a feather edge to possibly 900 feet at Franklin. 

USDEBGBOnND WATEH8. 

Dwlribution and qvahiy. — The Columbia sandB carry plenty of water, 
which at many places is hard ; in low ground the shallow water is not con- 
sidered healthful. The depths to the water table vary with differences in 
topography, but in general water lies not more than 20 feet below aurface. 
In the southern, eastern, northern, and western parts of the county 
artesian waters under heads of 25 to 50 feet above tide are found, in the 
sands of the Potomac group or of the Upper Cretaceous ; well drillers aay 
the sands at Arringdale, Hugo, Branchville, Boykine, Delaware, Courtland, 
and Franklin are white and contain much mica, and more or less lignite, 
called "wood" or "coal." In places the sands are apparently arkosic. As 
no fossils have been saved from bore holes, the exact age of the sands is in 
doubt. Similar sands are reported at Margaretsville, on Meherrin River in 
Xorth Carolina. The artesian waters show considerable differences. In 
general they are soft and alkaline and well adapted to household use, but 
at some places they contain iron and have & distinct sulphur odor. 

Springs. — While there are in the aggregate many springs along the 
creeks of Southampton County, most of them issue as seeps rather than 
strong flows, and in some sections of the county springs are relatively scarce. 
.V few are used for household supply but none are of commercial importance. 

H>//*.— Southampton County probably contains more drilled wells than 
any other county of Tidewater Virginia except King William. The total 
number may exceed 300. Xearly all are ly^ or 2 inches in diameter. 
Depths range from 75 to 344 feet, and costs from 25 to 50 cents per foot. 
On the higher ground dug wells are the main source of supply for farms 
and villages. The usual price for digging is $5 for HO fret. There are some 
bored wells and many driven wells in the county. 

LOCAL SUPPLIES. 

At Branchville are about IT wells that develop a water-bearing sand in 
Potomac or Upper Cretaceous beds. The depths range from 130 to 250 
feet and the heads are 45 to 50 feet above sea level, the level of the railroad 
station being taken as 46 feet. The flows are from 1 to 8 gallons per 
minute. As many as four flows liave been found by one well. 

The following general section at Branchville is reported by 11. G. Ellis & 
Son, well drillers. 
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General section at Branchville. 



Material 






Thickness 

fFeet) 


























much kaolin, water-bearintf 


and at 


"""I" 


46 



Other water-bearing sands lie below, eeparated by clayey beds. The well 
of T. J. Harrell found flows at 90, 110, 160, and 207 feet. 

The artesian water is of good quality, although having a faint sulphur 
odor and being slightly iron-bearing at some wells. 

At Boykins, 3 miles east of Branchville, about 25 wells, mostly for house- 
hold supply, have been driven to Upper Cretaceous or Potomac beds, the 
succession of surface soil, clay, sand, blue mud, marl, reddish clay, and sand 
being much the same as at Branchville. The wells range in depth from 
85 to 130 feet. The water is soft, but at some wells carries a little iron and 
is Bulphur-bearing. An idea of its mineralization may be had from i,he 
field assays in table 8. 

Near Arringdale are several small diameter wells that get flows from 
white micaceous sands below clay and marl. The wells go 70 to 75 feet 
below the surface of a swamp, elevation about 70 feet. They are used for 
household supply and for stock. 

The Tidewater Railway Co. (Virginian Railway) has at Sebrel the 
largest and deepest well reported in the county. It is 10 inches in diameter 
and goes down 344 feet. It probably draws on Potomac sands. The fol- 
lowing record was kept by the driller: 

Record of well of Tidewater Railway Co., Sebrel. 
(Authorit]', Tidewater Bajlway Co., owner.) 



Clay 

Clay and sand 

Light blue mud . . . . 
Blue mud and sand . 

Blue mud 

Sand and gravel . . . 

Blue clay 

Sand and clay 
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Record of well of Tideviater Railway Co., Sebrel — {Continued). 

Material 

Blue elay 

Fine yellow «and 

Blue elBy and uud 

Coarse utnd and gravel ; water 

Hard blue clay 

Dark mucky clay 

Blue clay 

Soft mucky blue clay 

Blue clay 

White aand and water-worn gravel with pebbles the else of a 
small egg; water-bearing 

The vater level of this well when completed was Zl feet below surface, 
elevation 65 feet. For a test the well was pumped steadily 18^ hours at 
the rate of 106 gallons per minute. This lowered the water to 48 feet 
below surface, but after pumping ceased the water rose gradually to within 
Id feet of surface. The well was drilled for locomotive supply. The water 
contains sodium bicarbonate, as indicated by the analysis in table 7d, and 
has a tendency to foam. The water at 191 to 302 feet rose to 30 feet of 
surface. 

At Ivor on high ground, 4 miles west of Zuui, the Shaw Lumber Oo. 
sunk a deep well to procure supplies to supplement those obtainable from 
dug wells. It draws on Upper Cretaceous or Potomac sands. The follow- 
ing log is reported : 

Record of well of Shaw Lumber Co., Ivor. 
(Authority, Shaw Lumber Co., ownen.) 



Material 



Earth, marl, quicksand and bine mud 

Blue mud and clay 

Green mud 

Black sand and gravel, with a small supply of n 

White sand and small gravel 

White sand with layers of blue mud 

Water-bearing aand 



The water from the bottom rises to 35 feet of the surface; the yield • 
by air-lift is 55 to 60 gallons per minute. The 6-inch casing is finished 
with a No. 6 Cook strainer, 20 feet 6 inches long. 

At Conrtland are many flowing wells, possibly ?5. T. J. Moore, of 
Storeys, reports having put down more than 50. Yields average about 10 
gallons through a 2-inch pipe at surface, but vary from 1 to 50 gallons, 



,y Google 



SOCTHAMPTOS COUNTY, 



2?1 



depths and yield depending partly on the elevation of the well. Where 
wells 8re thick, yields and heads have been reduced by interference, those 
on low ground draining those on higher ground. The original head was 
about 27 feet above sea level, and on the high ground, elevation about 30 
feet above the Nottoway Biver, wells have to be pumped. The following 
general record is reported by Mr, Moore : 

Oeneral section at Courtland. 



Material 



Soil, clay and sand ; water at 6 feet 

Blue mud 

Marl and blue mud 

Yellow pipe day 

White micaceouB aand with "wood," water-bearing, water rising 

about to surface 

Yellow pipe clay 

White micaceous sand with "wood"; water at 130 feet rising 

12 feet above surface 



A 3-inch well at the level of the main street, about 20 feet above Notto- 
way Biver, flows 25 gallons per minnte. The artesian water is of excellent 
quality for household use, containing very little iron and having no sulphur 
odor. In a boiler it foams. Besults of a field assay appear in table 8. 

At Franklin a large number of wells have been put down, perhaps loO, 
Depths average 130 feet, but vary since surface elevations in the town 
range from 10 to 35 feet above river level. The water comes from higher 
sands than those tapped by the Courtland wells, and are presumably of 
Upper Cretaceous age. The following succession is reported by T. J, 
Moore: 

General section at Franklin. 



Material 



Soil clay and sand j 

Blue mud I 

Blue marl and sheila 

Blut pipe clay i 

Hardpan or marl rock; drilled 14 inches in 3 days 

Dark clay, like bloc mud above I 

Hardpan or marl rock , 

Clay and sand 

Hardpan or marl rock 

White micaceous sand, with "chunks of wood," water-bearing 
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The average flow of S-inch wells at the level of the main street, 20 feet 
above high tide in Blackwater River, is 4 gallons per minute. On "the 
ridge," the higher ground in town, elevation over 34 feet, the wells have to 
be pumped, as the water will not rise over 26 feet above high tide. 

Flowing wells have also been drilled on Heherrin River west of Branch- 
ville, at Hugo, and south of Boykins, on Nottoway River several miles 
north and south of Courtland, aod on Blackwater River as far north as 
Znni, though no wells are reported on the Blackwater between Zuni and 5 
miles from Franklin; south of Franklin deep wells are reported for 3 
miles. 

The following statement summarizes the information collected regard- 
ing dug wells at various places in the county: 

Details of dug wells in Southampton County. 



Conley . . . 

Newsomfl . 
Sunbeam . 



Depth of 
well 
(Feet) I 



a m. fmnd and 



16-20 
10-17 
10-40 
10-30 
16-26 

12-ie 



Blue day 



Fair to good 

Soft 

Soft 

Soft 

iSoft, bard: deep. 

Sand and marl Soft to bard 



Conclusions. — Enough drilling has been done to indicate that flowing 
wells of good water can be had in this county on the low terraces along 
Blackwater River below McClelland, along Nottoway River below 10 miles 
north of Courtland, and along Ueherrin River below 10 miles east of 
Kmporia, Plows are not to be expected on the higher divides between the 
main rivers, but can be had up many tributaries for considerable distances. 
Where, as at Courtland or Franklin, heads have fallen and flows grown 
smaller by allowing wells to run without restraint more water can bo had 
by going deeper. 

OTOTTSTlVAlfIA COUBTT. 

General rfescripfton.— Spottsylvania County, formed in 1720 from 
Essex, King William, and King and Queen counties, lies between Rappa- 
hannock and North Anna rivers. Only a small part of the county near 
the eastern border is included in the Coastal Plain. The topography of 
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this portion of the county is bb a whole hilly, but there are extensive level 
stretches 50 to 70 feet high along Rappahannock Biver, and also on the 
high Lafayette plain, which has an elevation of 250 feet south of 
Fredericksburg. 

In the valleys of the main streams west of Fredericksburg the crystal- 
line gneisses and granites are exposed. They are overlain by the arkoaic 
gravels and sands of the Potomac (Lower Cretaceous) and further south 
by the sandy clays and sands of the Chesapeake (Miocene). Near Massa- 
ponax Creek, Pamunkey (Eocene) greensands weathered to reddish and 
buf! tints separate the Potomac from the Chesapeake beds. The Columbia 
cobble beds, sands, and loams rest in places directly on bed rock, in places 
on Potomac, in places on Pamunkey, and in places on Chesapeake beds. 
The Potomac group has a maximum thickness of 300 feet in the extreme 
northeast comer of the county. The Pamunkey and Chesapeake are 
thinner. The Chesapeake is everywhere above sea level, and only a small 
portion of the Pamunkey is below. 

UNDERGRODND WATIiRS. 

Distribution and qvality. — The coarser beds of the Lafayette and the 
several Columbia formations are the most important reservoirs of ground 
water. The supplies generally are soft and slightly mineralized, but in 
places the water in the 60-foot terrace formation is decidedly iron-bearing. 
In the Pamunkey and Chesapeake sands the water varies from hard to soft. 
Little is known of the Potomac sands below tide level. 

Springs. — Because of the water-bearing sands in the Ififayette and 
lower-lying terrace formations being uncovered along scarps, springs are 
numerous. Most of them are small, a few show bold flows and several in 
the vicinity of Fredericksburg have been long used by the public. Two of 
these, known as the Mint and the Qunnery springs, are owned by the city. 
They have covered masonrj- basins which exclude trash and surface, wash 
during storms. Each spring flows from the base of a terrace, and the 
terrace immediately back of each spring is rather densely populated. The 
water from neither spring can be regarded as safe from pollution, though 
the danger at the Gunner}- spring is less than at the Mint spring. In 1906, 
the water from both springs was drunk by a considerable number pf people, 
particularly in the summer, because of its coolness and clearness. 

Another spring, known as the Silk Uill spring, issaes from the base of 
the same terrace, near the river, in the northwest part of the city. It has 
been used more or less by people living in the vicinity, but an investigation 
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by the local Board of Health in 1905 indicated that the Bpring water was 
dangerous and should not be drunk uiilees boiled. 

Besides these springs, several near the baee of the Lafayette scarp on 
the height* a mile west of the city are utilized for public service by the 
Aqueduct Water Co. The water is clear and soft 

WelU. — Dug welle are the main source of supply. Depths vary greatly; 
in hollows on the top of the high Lafayette terrace are wells less than 15 
feet deep, while near the edge of the terrace depths range up to 40 feet. 
Along lower slopes depths are from SO to 30 feet. 

On the broad terrace plain along Bappahaunock Biver southwest of 
J^edericksburg, wells are dug to depths of 10 to 15 feet. In Fredericks- 
burg is a number of dug wella 30 to 40 feet deep. Several near the river 
front, used for boiler supply, obtain rather hard water from Potomac beds. 

In 1906, there waa but one deep well in the city of Fredericksburg, that 
owned by E. D. Cole. This well is 120 feet deep and yields water of low 
mineral content. Mr. Cole uses the water for household purposes and fur- 
nishes it for drinking to neighbors who desire water more refreshing and 
less liable to pollution than that from the turbid Bappahannock. An 
analysis furnished by the owner, but recalculated to standard form, appears 
in table 11. 

Fredericksburg is supplied with raw Rappahannock Biver water dis- 
tributed by the city waterworks. In addition a private corporation, the 
Fredericksburg Aqueduct Co., distributes the water from the springs on 
the heights back of the tovra to a limited number of subscribers. This 
company is one of the oldest water companies in the United States giving 
an uninterrupted service, the springs having been developed as far back as 
1823. Water was distributed for many years through bored logs and lead 
pipes. With ordinary care in maintaining the pipes leading from the 
springs to the supply basin, and in protecting the latter, these springs can 
furnish a drinking water of satisfactory quality, so long as the terrace 
above them is sparsely inhabited; but the flow is so small that the use 
must be limited. 

Conclusions. — The gravels and sands, and even the non-clayey beds on 
the terraces along the river and on the divides, yield water in sufficient 
quantity ior all the requirements of isolated dwellings and farm supply. 
Deep wells at and southeast of Fredericksburg will probably get good water 
from the Potomac beds. Flows can not be expected on the 60-foot terrace, 
though the water may rise above tide level. 
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General description. — Stafford County, formed in 1765 from West- 
moreland County, lies on the west bank of Potomac Eiver north of Rappa- 
hannock River which forme its soatfaem boundary. The Coaetal Plain 
portion is a narrow atrip along Potomac River. 

Valleys deeply cut by Potomac, Aquia, and other creeks emptying into 
Potomac River give a rugged topography with comparatively few stretches 
of level ground. The maximum elevation, a little over 350 feet, is on a 
patch of the Lafayette plain, northeast of Fredericksburg. There are some 
level stretches on a low Columbia terrace along Potomac River, with eleva- 
tions of 35 to 45 feet. Near the mouth of Aquia and Potomac creeks are 
cliffs 50 to 100 feet high. 

Oeology. — 'ITie soil over most of the Coaetal Plain portion of Stafford 
County is derived from the Potomac (Lower Cretaceous) clays, shales, 
sands, and gravels. In places the Pamunkey (Eocene) greensands, 
weatliered yellow, orange, and red, form the surface material, the largest 
area of Pamunkey being in the extreme southeast corner of the county. 
In this same part of the county a thin sheet of th^ Chesapeake (Miocene) 
rests on the Pamunkey, the only occurrence of Chesapeake beds in Stafford. 
The Lafayette and Columbia cobble beds, sands, and loams, as a rule 
brightly colored, rest on Potomac, Pamunkey, and on Chesapeake beds. 
The maximum exposed thickness of the Potomac is about 250 feet, and its 
thickness in the southeast comer of the county may be 350 feet. Nearly 
all the Pamunkey beds lie above sea level and no Chesapeake beds extend 
below it, 

CNDERQROUND WATERS. 

Springs are numerous but few are of especial note. They and dug 
wells are the sources of domestic supply. Depths to water and quality of 
water vary from place to place; in general the ground water is good. Ex- 
cellent water can be obtained, no doubt, from the Potomac beds, but no 
deep wells have been sunk to determine the depth to water-bearing sands 
or the quality of the water. Flows are not to be expected. 

Dug well conditions at a few points in the Coastal Plain portion of the 
county are summarized as follows: 





Details 


of duff wells in 


Stafford County. 




Location 


1 Depth of 
well 

1 fFeel) 


W.ter bed j *^'^ »' 








Sand and Durl Soft to slightly 
hard. 
















MiUin .,, 
Stafford . 




1 20-100 

1 26-60 


Soft rock and Bsndl Soft 
Sand and rock '. Soft and hard 
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STTBBT COUJITY. 

General description. — Surry County, one of the original eight ehiree of 
Virginia, lies south of James River, in the weBtem part of the Coaatal 
Plain. MoBt of the surface of the coonty ig included in the Sunderland 
plain and is rolling, with a gentle slope to the southeast. Near the northern 
edge of the county Chipoak, Grays, and other creeks flowing to Jamee Biver 
have cut sharp valleys. As in Prince George County to the west, the south- 
ward flowing streams, such as Cypress Swamp, tributaries of Blackwater 
Hiver, have open valleys. The divide is but a few miles back from James 
River. The Sunderland plain is, as a rule, below 100 feet high, its maxi- 
mum elevation near Ruflfins and Spring Grove being 130 feet. Low ter- 
races occupy a very small part of the county. They are most noticeable 
south of Hog Island. For considerable distances, the southern bank of the 
James is steep and high, and the river cuts directly into the Sunderland 
terrace, as at Claremont. 

Geology. — The Columbia (Pleistocene) formations cover most of the 
county. The Chesapeake (Miocene) group outcrops in the bluli at Clare- 
mont and is exposed in creek gullies. South of the divide the Chesapeake 
shell beds have been dug for marl in pits along tributaries of Blackwater 
Eiver. The maximum thickness of the Chesapeake group in the western 
comer of the county is probably 150 feet, its base lying 50 feet below 
tide. In the eastern part of the county near Hog Island {he base of the 
formation may be 350 feet deep. The Pamunkey does not outcrop within 
the county limits. Its base is about 350 feet below sea level at Claremont 
and 500 feet below at Homewood. The Potomac is over 500 feet thick and 
ciyatalline bed rock is fully 800 to 1,500 feet below sea level, 

UNDERGROUSD WATERS. 

Distrihution and quality. — Surry County is well watered by its 
numerous creeks. The ground water in the Columbia beds is generally 
soft, but in places is of indifferent quality. Ground water in the Chesa- 
peake marls is at many places hard. Depths to water vary greatly. In the 
wide pocosons on the east side of the county the water rises to the surface 
after wet seasons, and is never more than 10 feet below it, while on high 
ground overlooking James River the water table may be 40 feet below the 
surface. 

Plenty of artesian water underlies Surry County in the Chesapeake, 
Pamunkey, and Potomac sands. Both the Chesapeake and Pamunkey 
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waters are soft and are more or less alkaline. No attempt to reach Potomac 
sande is reported, but it is altogether probable that they will yield plenty 
of water. 

Springs. — Surry County Ib abundantly favored with BpringB, nearly all 
the creeks and branchee being spring fed. Many of the small springs and 
seeps fail in time of drought, but the deeper springs in the northern part 
of the county and the "boiling" gprings in the southern part are perennial. 
Moat of the springs are little used except by stock, but a few furnish house- 
hold supplies. Near Claremont are several with bold flows. Some from 
beds of marl yield water that is slightly hard and is said to have a marly 
taste. There are people who consider such water unhealthful, but where 
the ground above the spring is thinly settled, the marl bed overlain by a 
thick layer of loam, and surface wat«rs can not reach the sources of the 
spring through poorly protected dug wells, there is no reason for judging 
the healthfulness of the water by the taste. A complete analysis of water 
from a marl spring south of Claremont, given in table 6, shows that the 
water contains notable amounts of bicarbonate of soda. A marl spring 
north of the village supplies several families. Another spring just east of 
the city has been improved by the owner, E. B. Harry, who markets the 
water as Trepho Lithia water. This spring flows from iron crusts and 
>:«ndB in the Sunderland formation. Various improvements have been 
made at this spring, and precautions have been taken to maintain the sani- 
tary excellence of its surroundings. The following analysis is recomputed 
from one furnished by the owner: 

Analysis of Trepho Lithia water. 
(J. B. WeetnB, analyst.) 

Parts per 1,000,000 

Total solids 573. 

Silica (SiO,) 34.3 

Aluminum (Al) 1.95 

Iron (Fe) 2.88 

Calcium (Ca) 115. 

Magnesium (Mg) 3.22 

Sodium (Na) 11.2 

Potassium (K) 2.12 

Lithium (Li) 0.03 

Bicarbonate radicle (HCO.) 395. 

Sulphate radicle (SO.) 3.82 

Chlorine (CI) 3.46 

Free carbon dimide (COi), 3.6 e. c. per liter. 

A group of mart springs just south of Dendron was, at one time, used 

for boiler supply at the mills of the Surry Lumber Co., but the water was 
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BO limy and formed so much ecale that the sprmge were abandoned. Other 
springB in the county deserving note are one, 2 milee soatheast of Anchor, 
and one S miles northeast of Sniry, on the road to Scotland. A few springs 
supply houses by rame; there is one at Bacon's Castle. 

Wells. — Open dog tcUb, often provided with the old-time sweep ftnd 
bucket, constitute the most important sonrce of water for household use. 
Prices for digging these average about $5. Host of them have no lining 
but 8 wood "curb" at the bottom. The coat of such wells complete has 
often been lees than $15. A few of the dag wells are bricked or cased with 
tile; the proportion of the latter is increasing. In dry seasons many of 
the shallow wells fail. There are some bored wells and some driven wells, 
and along James Biver a few drilled weUs. At a number of points near 
the river the ground waters are so limy or irony that cisterns are used. 

LOCAL SDPFLIES. 

At Dendron most people obtain water from dug wells, 14 to 20 feet 
deep. There is also a considerable number of driven wells 18 to 20 feet 
deep, the water from which is considered better than that from dug wells. 
Both dug and driven wells get water from sands in the Sunderland for- 
mation. This water is soft and adapted to household use. A well drilled 
some years ago for the Snrry Lumber Co. to a depth of 386 feet was 
abandoned as uDsuccessful because it did not give a flow. 

At and near Surry Courthouse dug wells average about 20 feet deep. 
Ordinarily they have from 5 to 8 feet of water in them, but in wet seasons 
some of the shallow ones are fllled to the surface. Most of the wells are 
lined with wood, though a few are cased with tile. The following section 
is reported: 

Section at Sunny Courthouse. 

rr7~rj l Thickness I Depth 

Material ,„ , , | ,„ , 



(Feet) ! (Feet) 



Yellow clay 

Slat«-colored, sandy clay 

Vari-coIoTeil clay, pebbles at 36 feet.. 

Marl 

Wblte gravel ; water 



At Claremont, eituated on a headland of the Sunderland plaia, dug 
wells are from 20 to 40 feet deep. These yield water of varying quality; 
some is from shell beds and so hard as to be unsatisfactory for domestic 
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use. Some of the wells are liable to contamination because of ineufftcirat 
protection at the sarface, others becanBe of seepage from old polluted wells 
nearby. In 1906, cisterns were used hy fully one-half of the population; 
about one-fifth used wells; the balance used spring water. At some of 
these springs are rams supplying tanks at dwellings. The water is gen- 
erally soft. 

On Homewood plantation on Hog Island in James River are 6 flowing 
wells, all sunk 30 years ago. Their depths are variously stated, but all 
draw on Chesapeake beds. A G-inch well is said to have been sunk 317 feet, 
and to have struck a strong sulphur water at 270 feet, and a good flow, 40 
gallons per minute, in a shell bed at the bottom. 

The following record of one of the wells has been published by Darton": 

Record of well at Homewood. 



Material 


ThicfcneaB 
(Feet) 


Depth 
(Fort) 




IS 
10 
60 

37 

lOB 
1% 

67W 












Shell iDBrl with hard crust of shell at b«sf. flow of ferruginous 












Blue claj with flow of water at 222 feet, water better than at 






291% 

2flH4 


Railons per minute through 1 %-inch pipe, head 40 feet 



It is not possible to determine to which of the wells at Homewood this 
record refers. 

A complete analysis from a well in the southeast corner of the planta- 
tion appears in table 8. The water has a faint snlphar odor when fresh. 
The well is said to be 219 feet deep ; it may be deeper. 

Another well south of Homewood and 4 miles east of Bacon's Castle 
was sunk for a brickyard, since abandoned. It is said to be 400 feet deep, 
but the water has all the characteristics of the Chesapeake flows. An 
attempt to get a flow at Bacon's Castle was unsuccessful, the elevation of 
the post-office being 84 feet above tide. 

Shallow well conditions .at a number of villages in Surry County are 
summarized below : 



oDftrton, N. H., Op. eit., p. 174. 
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Details of shallow wells in Surry Cottnty. 



Bacon's Castle . 
Cabin Point . . . 

Claremont 

Dendron 



Elberon .. 
Hargrave 
Ingenal] . . 
Ruffins ... 
Savedge . . 
Scotland . 

Spottavillp 



Depth of 
well 

(Feel) 



12-35 

IS-40 Sand and inarl 

16-30 Sand 

40-60 Sand and mart 

13-26 ;Shallow, clay: 
deep, clay and 

8-25 



8-40 

10t24 
60-80 



Sand 

Marl 
I Sand and marl 
1 Clay 

Iron cnista and 

Shallow, sand 
de«p, marl. 
Sand, marl 
I Sand and marl 



Sthallow, aoft; de«p, 

hard. 

Shallow, soft ; deep, 

soft to bard. 

Soft to hard 

Soft to hard 

Hard 

Shallow, soft; deep. 

Fair to good 

Boft 

Hard, cist«m 

Deep, hard 

Fair to good 

Limy and irony 

Shallow, soft; deep, 
hard. 

Soft 
Hard 



Conclusions. — Plenty of good water can be had in Surry County by 
dug, driven, or drilled wells. Artesian waters that will rise 20 to 35 feet 
above sea level can he had anywhere. Their quality will be found excellent 
for most purposes, but toward the east side of the county they may not be 
altogether satisfactory for certain industrial uses. 

At Dendron, where the question of obtaining lietter water tliau that 
afforded by shallow wells will demand attention with the growth of the 
town, plenty of water can be had from the basal Chesapeake sands at 300 
feet, or the Pamunkey sands at 5.50 feet, by fi-inch wells and pumps or 
air-lifts. Flows are imposeible. In the swamp along Blackwater Hiver 
south of the town, the Pamunkey waters may rise to surface. Flows are 
impossible at Surry, the elevation of the ground at the Courthouse being 
about 100 feet. By drilled wells and pumps soft alkaline water can be had 
at about 400 feet. 

In case artesian water is sought for town supply at Claremont, a well 
or wells near the foot of the bluff will probably be more f-atisfactory than 
wells in the center of the town. In the latter situation flows can not be 
had, the altitude being 90 feet, but flows can probably be had near the river 
and it will be more economical to locate a pumping station there than to 
use deep well pumps. 
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SUSSEX COITHTT. 

GenercU description. — Sussex County, formed in 1754 from Surry 
County, is separated from the latter by Bkckwater River. It extends from 
Blackwater Biver to S'ottoway and Meherrin rivers, and is about 40 miles 
long from its northeastern to its eouthweatern corner. The Bouthwestern 
corner of tfie county lies west of tlie Piedmont- Coastal Plain bonndary. 
The two most important towna are Waverly and Wakefield. 

The topography varies from slightly rugged in the southwest to undu- 
lating in the northeast. The larger portion of the surface is included in 
the Sunderland terrace. The maximum elevation reported is near Jarratt, 
155 feet; the minimum is on the banks of Meherrin River near Emporia, 
25 feet. The general slope of the surface is southeast, Coppahaunk 
Swamp and Warwick Swamp flow northeast to Blackwater River; Joseph's 
Swamp, Stony Creek, Roaring Creek, Poplar Spring, and Assamoosick 
Swamp flow south or southeast to the Kottoway. 

Geology. — While the Chesapeake (Miocene) clayey sands and marl beds 
underlie practically all the county as far east as the Atlantic Coast Line 
Railway they are seldom exposed, owing to the coating of Columbia 
(Pleistocene) loams and sands. On the west the St. Mary's formation of 
the Chesapeake overlaps the Potomac beds and rests directly on the crystal- 
line rocks. Its shell or marl beds have been opened by many small pits 
and dug for fertilizer. Pamunkey (Eocene) beds probably underlie the 
Chesapeake east of Susse.t but are not known to outcrop anywhere in the 
<ounty- At Boiling's Bridge on \ottoway River is an outcrop of a bed of 
cobbles and pebbles that has been regarded as a basal bed of the Potomac 
group. Lower Cretaceous; it may belong to the Chesapeake. From 
feather edges the Chesapeake and older formations thicken eastward and 
at Wakefield the base of the Chesapeake is probably .^00 feet below the sur- 
face, the base of the Pamunkey 50 feet deeper, and the crystalline bed rock 
not less than 700 feet below. The surficial sands, gravels, and loams 
Iielong to the Sunderland, Wicomico, and Talbot formations of the 
Columbia group. 

UNDKBOHOUND WATfiRS. 

Dvitributiott and quality. — The abundant ground water in the Columbia 
sands and Chesapeake sands and marls varies in quality from soft to hard, 
and in places is irony. Artesian waterp underlie the eastern half of the 
county. Little is known of them, but it is safe to say that they are of ex- 
cellent quality. There are no flowing wells in the county but it is likely 
that some artesian waters will rise to the level of the swamps along Notto- 
way River south of Lumberton. 
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Springs. — There are numerous springB and seeps along the rivers and 
their tributaries. Nearly all ieeue from the white aande which mantle the 
valley slopes and their geologic source can not be determined by inspection. 
"iSoBt are of small flow and many fail in droughte. The springs are little 
used except for watering stock. The only one in the county of commercial 
note is the Coppahaunk on Coppahaunk Swamp, about 1*4 njileB south of 
Waverly. It has had considerable repute and is now owned by persons who 
bottle and ship the water. The flow is free, about 35 gallons per minute. 
The water rises through sand and probably comes from a Chesapeake shell 
bed ; it is iron-bearing and is said to have slight sulphur taste when fresh 
from the spring. The following analysis is recomputed from one furnished 
by the company : 

Atwiysis of water of Coppaha/unk Spring, Waverlg. 
(Froeblinf; & Robertson, analyaU.) 

Parte per 1.000,000 

Total BolidB 293. 

Silica (SiO,) 23. 

Iron (Fe) 0.7 

AhiminQm (Al) 9.8 

MangaDese (Mn) trace 

Calciuin (Cat 93. 

Magnesinm (Itig) I.G 

Strontiuni (Sr) 0.1 

BaTium (Ba) 0.15 

Zinc (Zn) faint trace 

Sodium (Na) S.4 

Potaaaium (K) 2.9 

Lithium (Li) O.lfl 

Arsenate radicle (AsO.) 0.034 

Phosphate radicle (PO.) 0.12 

Carbonate radicle (CO,) 143. 

Sulphate radicle (SO.) 1.6 

Iodine ( I ) trace 

Bromine (Br) trace 

Chlorine (CI) II. 

Wells.— Dug wells, generally cased with wood, are the main source of 
supply at most farms, and in many villages. The cost of digging these is 
low. There are some bored wells and at Waverly and Wakefield many 
driven wells. \o deep drilled wells are reported, 

LOCAL SUPPLIES. 

At Wakefield there are a few dug wells and over To driven wells, the 
latter from 19 to 32 feet deep. They get soft water in sands underlying 
loam. A peanut mill gets water from an 80 horsepower tubular boiler from 
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two dug wells about 15 feet deep. The supply is fairly good for boiler nee 
though it has a tendency to fona scale. (See table 7.) 

At Waverly, where are large lumber mills, nearly all the water for both 
boiler and domestic supply is obtained from driven wells, which range in 
depth from 15 to 35 feet. Dug wells which strike the first water bed at 15 
feet sometimes fill to the top and are liable to pollution. The water from 
the second sand, at 30 to 35 feet, is preferred by those persons who have 
had wells driven to it, and is certainly less liable to pollution than that 
from 15 feet. In fact, in 1906, this 36-foot water was as good as need be, 
as no dug wells had been sunk deep enough to permit direct pollution of 
the water bed. The yields to pumps are remarkable. One 35-foot well, 2 
inches in diameter, is stated to give 30 gallons per minute, while at the 
plant of the J, D. Gray Lumber Co., 2 wells, furnish water enough for 
250 horsepower. As a boiler water, though considered hard, it seems satis- 
factory, forming very little scale. Its quality is indicated by a field assay 
in table 7. 

The expense for a 35-foot well at Waverly is slight A 2-inch pipe can 
be driven for about $5, and the well equipped with a pitcher pump costs 
about $10. 

Information collected regarding dug wells at various places in the 
county is summarized as follows: 

Details of dug wells in Sussex County. 



Locfttion 


Depth of 
well 

(Feet) 


Water bed 


Quality of 
water 




20-60 
10-30 

lS-30 
10-60 
12-30 
8-30 

7-35 
15-20 
9-10 


Clay 
Shallow, clay, 
d*ep. "black 
mud.*- 

Clay ; 

Sand, marl ' 

Gr»vel 1 

Shallow, iand; 

deep, clay o rl 

marl. | 


Irony 






Fair, good 
Soft and hard 

Soft 
Soft and hard 


Hilda 

Jarratt 

Lumberton 




Uaan 
Sand and day 




WMthope 


Soft 



At Jarratt some wells dug for boiler supply are 16 feet square and S 
feet deep. 
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WABWICE COUHTY. 

Oeneral description. — Warwick County, one of the smallest countiee in 
the State, was one of the eight original shires of the colony of Virginia, It 
lies along the north bank of James River near the end of "the peninsula." 

The topography is somewhat diversified though the relief is not great. 
The northern part of the county lies within the Sunderland terrace which 
has an elevation of 86 feet at Halstead's Point, in the extreme northern 
comer. The greater part of the county is included in lower terraces. The 
lowest plain includes Mulberry Island. The city of Newport News stands 
on two terraces. 

Geology. — Columbia (Pleistocene) sands and loams mantle the surface. 
On the lower terraces are local lenses of clay that have been worked for 
brick on Mulberry Island and at Morrison. At Newport News dark bluish 
mud containing cypress stumps and bluish sand containing marine shells 
outcrop in the river blut! beneath gray pebbly sands. 

Clayey sands and beds of shell marl mostly belonging to the Yorktown 
formation of the Chesapeake group (Miocene) are exposed in the creek 
valleys. The total thickness of the Chesapeake at Halsteads Point is about 
450 feet, and at Newport News about 550 feet, its base lying 400 to 550 feet 
below sea level. Tlie Pamunkey (Eocene), Upper Cretaceous, and Potomac 
(Lower Cretaceous) lie below the Chesapeake. The base of the Pamunkey 
is about 600 feet below tide at Halsteads Point, and 700 feet below at New- 
port News. Evidence as to tlie thickness of the Upper Cretaceous is contra- 
dictory. The base of the Potomac lies over 2,000 feet below tide at New- 
port News. 

U>fDERGHOUND WATERS. 

Distribution and quality. — The ground waters in the Columbia and 
Chesapeake beds show the usual variations in quality; here soft and clear, 
there hard and irony. Depths to the water table diifer considerably, and 
where it rises to the surface after prolonged rains, as on fiat stretches, the 
quality of the ground water is not considered so good as where the water 
table lies deeper. 

An abundance of artesian water underlies the county but that so far 
developed is rather highly mineralized, the mineralization increasing to- 
ward the southeast. This increased mineralization is due in part to tite 
water-bearing sands growing finer, and as a result yields to wells and heads 
of flows are least in the wells farthest down the river. 

Springs. — There are no springs of especial importance in Warwick 
County, but a few arc still used for houseliold supply. The smaller springs 
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seep from Colnmbia s&nds ; the larger flow from shell beds in the York- 
town formation. The waters of the latter are apt to be hard. Some of the 
larger spriugB are so situated that they can be advantageously developed 
by rams. 

WelU. — Dug wells are chiefly used. There are a few drilled wells along 
James Hiver. Near Newport News there are numerous driven wells and 
a few at other places in the county. 

LOCAL SUPPLIES. 

The Newport News Water & Power Co. supplies the city of Newport 
News with water from a watershed it owns. Practically every one in New- 
port News uses this water, though on the outskirts of the city are shallow, 
driven and dug wells which obtain supplies, in some instances of suspicious 
purity, from Columbia sands. Attempts to get artesian water at Newport 
News have been mentioned. (See page 97.) The artesian wells in the 
county are all near James Biver. There are two on Mulberry Island, one 
at Mulberry Island post-office, the other at Curtis Point. Both of these 
wells probably get water from sands in the Chesapeake group at 360 to 380 
feet below mean high tide. The owner of the well at the post-office has 
shipped more or less of the water to Newport News and Norfolk, It is 
soft, clear and refreshing, and has some local ropute for medicinal 
properties. The accompanying analysis furnished by the owner, but recom- 
puted to standard form, shows the large proportion of bicarbonate of soda 
characteristic of artesian welle in other parts of the Virginia Coastal Plain. 

Analysis of water from ioell of P. H. Wright, Mulberry Island. 
(W. H, Taylor, analyst.) 

Parts per 1,000,000 

SiUca (SiO.) 13.0 

Iron (Fe) trace 

Calcium (C») 4.2 

Magnesium (Mg) 1,2 

Sodium (Na) 35*, 

Potassium (K) 15.0 

Lithium (Li) trace 

BiearbonaU radicle (HCO,) 464.0 

Sulphate r»diele (SO.) 44,0 

Chlorine (CI) 273.0 

The well at Curtis Point ia of interest from its location and the quality 
of the water. In the latter respect it resembles the well at Mulberry Island 
post-office, but the water is more mineralized. A complete analysis appears 
in table 8. 
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At attempt to get a flow at Menchyille on the mainland opposite Cnrtia 
Point proved unBuccesBfnl, poeBibly because of the well being started on too 
high ground, as the head of the flow at Curtis Point is only about 20 feet 
above sea level. A well at Lee Hall 406 feet deep reaches a sand having 
about the same stratigTaphic position ae that yielding flows on Mnlbeny 
Island. The elevation of the well is 42 feet and the water riaes within 18 
feet of the surface. 

Conditions reported from some of the places in Warwick County, where 
dug or driven wells are the sources of domestic supply, are summarized 
herewith': 

Details of shallow wells in Wartoick County. 



Depth of 

(feet) 



Lee Hall i lg-26 

Henchrille i 10-31 

Mulberry laland ; 10-16 



Soft, hud 

Hard and Irony i 

deep Weill 

8oft 

Soft 

Soft, irony 



Conclusions. — The wells already drilled indicate that from the Chesa- 
peake sands under Warwick County, iftoderate heads, 20 to 30 feet, and fair 
flows at the northwest end of the county with diminishing yields and increas- 
ing mineralization southeastward, may be expected. . Slightly higher heads 
and freer flows can probably be had from deeper sands in the Pamunkey, 
Upper Cretaceous, or Potomac, but heads over 36 feet above tide are not 
to be expected, nor is there any reason to expect much improvement in 
quality with depth. Water much better adapted to ordinary household use 
than the supplies obtained from some shallow wells at many places can be 
had west of Curtis Point. Farther east the outlook becomes increasingly 
dubious. Prospects in the immediate vicinity of Ifewport News have 
already been discussed. (See pages 97 to 116.) 

WESTHOBEUUn) COUNTY. 

General description. — Westmoreland County lies south of Potomac 
River on the "northern neck." The topography is characterized by high 
terraces with undulating surfaces sharply cut by creek gorges and com- 
paratively level lower terraces. Some of the creeks flowing to IU{^- 
hannock Biver head within a mile or two of the Potomac. Some of those 
flowing toward the Potomac empty into tidal inlets or rivers, such as 
Nomini Biver and Yeocomico River. 
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Elevations on tlie Sunderland terrace range from 160 feet in the 
vicinity of BaineBville to 110 feet back of Kineale. Near Baineaville is a 
small area above the general level of the Sunderland, and there is another 
□ear Stratford. These areas may be remnants of the Lafayette terrace. 
Lower Columbia terraces are traceable along Potomac Eiver. A striking 
feature of the topography of Westmoreland County are the famous Nomini 
Cliffs which extend for nearly 10 miles along the Potomac between Popes 
Creek and Cnrrioman Bay. These cliffs in places are SOO feet high. Along 
Rappahannock River helow Wilmont Landing are conspicuoua cliffs, in 
places over 100 feet high. 

Geology. — The loams, cobble beds, sands, and gravels of the Columbia 
formations outcrop in many road cuts and in the river cliffs. The lower 
formations of the Chesapeake group (Miocene) are exposed in many places. 
Ovey 300 feet of the Calvert are visible in the Nomini Cliffs and the diato- 
maceons clays of the formation are to be seen in the cliffs on Rappahannock 
River. The base of the Calvert ia near tide level on the western edge of 
the county, while at the mouth of Yeocomico River at Lynch's Point it is 
350 feet below. The greensands, clays, and shell beds of the Aquia and 
Nanjemoy formations of the Pamunkey (Eocene) have a total thickness 
of about 260 feet, and the base of the Pamunkey is 300 to 650 feet below 
river level. Little is definitely known of the thickness and extent of the 
Upper Cretaceous beds. The Potomac group may be 500 to 1,000 feet 
thick and the crystalline bed rock probably lies from 1,000 to 1,500 feet 
below tide. 

UKDGROBOUND WATERS. 

Distribution and qitality. — The Columbia formation and the top beds 
of the Chesapeake group carry ground water within the county limits. 
Near the edges of the highest terrace the water table ia 30 to 60 feet 
below the surface and fluctuates slightly. On flat stretches of the same 
plain it may fluctuate 15 to SO feet and rise to the surface after a wet 
season. The quality of the water varies from soft to irony or hard. 
Sliallow water in the Chesapeake beds ia at many places hard. 

Sands in the Chesapeake, Pamunkey, and Potomac groups are known 
to contain artesian water. As the beds dip east the depths to the sands in- 
crease in going down the river. At the west end of the county the Chesa- 
peake beds are little below tide level and do not give flows; east of Mount 
Holly most wells draw on them. The sands most widely developed are at 
the base of the Calvert formation. Higher sands supply wells at the east 
end of the county. The Nanjemoy sands have been reached by relatively 
few wells east of Colonial Beach. The heads of the flows vary hut the 
watfirs most developed had heads of 15 to 30 feet above tide. All the waters 
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sampled from wells reaching Chesapeake or Pamunkey sands were soft and 
alkaline. 

Springs. — Small seeps and springs that feed the creeks flowing to 
Potomac Hiver are found throughoat the county. So numerous are they 
that as one man expreesed it, a spring can be had on any hillside by a littlo 
work with a hoe. A few springs, such as those of H. 0. Costenbader near 
Remus, and Wm, Taylor, opposite Kinsale, furnish drinking water or 
water for household supply; many are so situated that they can be 
developed to advantage by rams. From no spring is water marketed and 
none is a resort. 

Wells.— On high ground dug wells curbed witli wood are the chief 
source of domestic supply. Some of these wells are poorly located and verj- 
liable to pollution. On the high terraces wells are from 20 to 60 feet deep, 
on the lower terraces they are seldom over 40 feet and the average depth is 
under 20 feet. There are some bored and some driven wells, and along the 
river and the tidal courses of the creeks are many drilled wells of small 
diameter. The cost of these to the owner has averaged between 85 and 40 
cents a foot. 

LOCAL SUPPLIES. 

Ho town in the Virginia Coastal Plain has benefited more from the 
development of artesian water than Colonial Beach. The first deep well 
was drilled in 1887. Before that all persons, and for some years afterward 
many persons, drank the water obtained by shallow wells 6 to 15 feet deep, 
and as a rule poorly protected. Tj-phoid fever obtained a foothold and was 
in some years epidemic. Since the substitution of artesian for dug wells 
typhoid has practically disappeared. 

Wearly all the artesian wells reach a greenBand in the Aquia formation 
of the Pamunkey, about 200 feet below river level. According to the driller, 
who sunk many of the wells in town, none of those reaching this sand is over 
220 feet deep. The sand is immediately overlain by some 10 feet or so of 
red or chocolate-colored clay. TJie sections reported vary, but the follow- 
ing may be taken as an average : 

Generalized section at Colonial Bea^:h. 

Material 

Soil and sandy loam 

Yellow to bnff clay 

Gravel and sand 

Blue marl, black sand, dark olay, shells 

White clay 

Bed and chocolate-colored clay not over 10 feet thick on beHcli 
Rather fine grren or black sand, water bed , 
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Some wells paes tbrough "rock" 8 to 10 inches thick in the blue marl 
at 150 feet. Most of the wells are 1% inches in diameter and were sunk 
by hand rigs. Prices for drilling have been $50 to $15, according to care 
in placing casing, etc. 

The water from the 200-foot wells as it comes from the same horizon 
varies little in quality. It has a sUght sulphur odor and is decidedly alkaline 
(ece field assays, table 9). It is used for all purposes. As a boiler water 
it has a tendency to foam and pit tubes. 

At the ice plant where a well to the 300- to 335-foot sands gave an 
insufficient supply, a well to a sand in the Potomac group found plenty of 
good water. The driller reported the following log: 

Record of well at Ice Plant, Colonial Beach. 
(AuthoTit;, Rolaod Rud«, drill«r.) 



Material 



Made land 

Yellow clay 

White clay 

Green marl 

Block earth with sand 

Rocks in coarse brown sand, a little nater . . . 
Black earth with large grains of heavy sand . 
White clay, with some very soft streaks .... 

Red clay 

White sand with plenty of water 



The well is 1^^ inches in diameter, the fiow is 6 gallons per minute at 
an elevation of 5 feet. 

Outside the thickly settled portion of the Beach there are still wells of 
good flow to the 300-foot sand. One of the best is that of the McGinnis 
estate at the south end of town, which when dug flowed about 3 gallons per 
minute at an elevation of feet above high tide. 

North of the Beach at Wilkerson's Wharf are two wells, 233 and 235 
feet, respectively, flowing 314 ^nd 1% gallons per minute at elevations of 
4 and 7 feet above tide water. The welb are said to have struck the Beach 
flow at 314 feet but found it a mere drip. After going through 10 feet of 
white sand and "rock," the latter in layers 1 to 10 inches thick, and 20 
feet of "red clay," the present flow was struck which rose 40 feet above 
sea level and gave 5 gallons per minute. 

■ At L. C. Hand/e, west of Wilkerson's, is a well that has a measured 
head of 32 feet, and flows into a tank about 30 feet above mean high tide. 
An attempt made to get a flow at an elevation of 30 feet above tide was 
unsuccessfnl though the well was sunk 471 feet, according to the driller. 
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In the vicinity of Erica the sands that yield vatere to the wells near 
the head of Komini River are apparently too fine to give flows, and several 
wells have gone to sands in the Pamunkey at reported depths of from 300 
to 350 feet. One at the post-office, elevation about 20 feet, is said to be 
336 feet deep and to have flowed in 1902 when drilled. In 1906 the water 
stood about 3 feet below surface. 

A mile east of Maple Grove and some 3 miles west of Colonial Beach, 
a well waa drilled in 1905, for Floyd Omohundro, on the Wicomico terrace 
at an elevation of 60 feet. This well found water in white sand, which rose 
to about 40 feet of surface. The well is cased for only about 40 feet, and, 
according to Mr. Omohundro, since it was drilled there has been a change 
in the quality and yield of the water in his dug well, 45 feet deep, about 20 
feet distant, indicating that the artesian water finds its way into the 
dug well. 

At or near Kinsale, on Yeocomico Hiver and its inlets, a considerable 
number of flowing welts have been put down. Those at Kinsale are said to 
range in depth from 238 to 275 feet, most of them striking a water-bearing 
sand in the Calvert formation at 345 feet. The heads average about 17 
feet above mean high tide, and the flows at an elevation of 6 feet are about 
4 gallons per minute through a 1^-inch pipe. The water, which has a 
Blight sulphur odor, is used at canning factories and also for drinking. In 
a boiler it works fairly well, not pitting the tubes, but having a tendency to 
foam. At the canning factories it is the custom to blow off some of the 
water in a boiler, one or two gages, several times a week. The general 
character of the water is indicated by the field assays in table 8, 

M"orth of Kinsale on Sandy Point Farm, the 5,000-acre estate of J. R. 
Dos Passos, of New York, there are no less than 15 flowing wells. Many 
of them are at tcnanta' houses and were intended to furnish pure water 
for domestic use, the supplies from shallow wells having, it was thought, 
caused malarial disorders. A marked improvement in the liealth of those 
using artesian water is claimed. The following log was furnished by the 
driller : 

General record of wells near Sandy Point. 
(Authority, F. H. Jones, driller.) 

Mn*™i=i 1 Thickneas | Depth 

*•"*""' I (Feet) I fFhit) 

Loam 17 | IT 

White sand ." I 8 2& 

Blue clay (called fullers earth) ' ISO 176 

Marl and layers ot shells ' 60 j 226 

Thin layers of rock about 2 feet apart, with sand between [ 5 I 230 

Black sand, water-bearing j | 230 

This water has the general characteristics of the flows at Kinsale as 
shown by the field assay in table 8. 



yGoogIc 



WESTMOEELAND CODNTY. 



291 



At Saody Point farm on the river shore at Lynch Point, is a flowing 
well but 90 feet deep which may tap a sand in the St. Mary's formation of 
the Chesapeake. The head of the flow is about 3 feet above high tide. The 
wafer decidedly differs from the deeper flows; it contains more iron and 
lime, aa shown by fleld assay (table 7), and is little used. In a way the 
well resembles in low head and quality of flow some of the wells in Accomnc 
Ofunty. 

Near Nomini River there are flowing wells at Mount Holly, Hinnom, 
Beal's Wharf, McOnire's Wharf, and Erica. Most of them draw on the 
Calvert sands of the Chwapeake group. The well at Mount Holly ia 150 
feet deep and flows, at an elevation of 9 feet above tide, about 5 ( P) gallons 
per minute through a 1%-inch pipe. A field assay of the water ia given in 
table 8. Some of the wells on Nomini River tap deeper sands, if reported 
depths are trustworthy, but the waters are much alike. Most of the wells 
have cost $40 each. 

At Oak Orove, on the Wicomico terrace, several attempts to get artesian 
flows have failed, owing to the elevation of the surface, 60 feet. Some wells 
at Oak Grove, at Z5 to 30 feet deep, are poorly situated and continually 
liable to pollution. 

Two miles southeast of Oak Grove an attempt to get a flow at the resi- 
dence of Andrew Planner failed because of the elevation, though the well 
went down 664 feet. Mr. Planner has a dug well 63 feet deep that gets 
water in Chesapeake aanda. 

Data collected regarding dug wells at a number of villages in Westmore- 
land County is summarized as follows : 

Details of dug wells in Westmoreland County. 



Location 


Depth of 

welle 
(Feet} 


WstM bed 


Quality of 
water 


Baineaville 


35-00 
12-19 
36-40 
20-46 
30-15 
15-26 
14-20 
12-30 
30-60 

16 
30-60 
18-60 
15-30 
30-60 
30-80 
26-35 
ie-00 
18-20 
16-40 


Sand and cIbj 
Sand and marl 
Sand and gravel 

Sand 
Sand and gravel 
Sand and mar! 

Sand 

Sand 

Sand 

Sand 

Sand 

Clay 
Sand and marl 

Band 














Soft 








Soft to hard 
















Hard 








Soft 








Soft 






Templemau Croas Koods 


Band ! Soft 




Clay and sand ■ Soft 

Clay \Dee'p, hard; shal- 
' low. aoft. 
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Concluiiona. — The volume of flows obtainable by oarefully cased wells 
from the artesian sands under Westmoreland County, the quality of the 
water, its supeiiority to tlie supplies obtained by many dug wells, and its 
freedom from disease genns, are reasons for more extensive development 
of these sands. Flows are not to be expected at points more than 35 feet 
above sea level, but higher heads than those found in the artesian sands 
nearest surface can be obtained by deeper drilling. 

At Oak Grove, soft water free from disease germs can be had by pumps 
from wells to the Calvert sands at 250 feet, or the Potomac at 450 feet. 
The water from the latter will rise to about 25 feet of surface. 

At MontrosB the water from the Famunkey Bands, to be reached at 400 
feet, will rise to about 70 feet of the level of the Courthouse. In Kingale, 
flows at the elevation of the higher ground in the tillage are impossible; 
wells to the Famunkey sands at 500 feet may rise fully SO feet above the 
river. 

YORK COUHTT. 

General description. — York County, one of the original shirts of Vir- 
ginia, lies along the south side of York River on "the peninsula," of which 
it covers the larger portion. The surface of the county is diversified by 
tributaries of York River, the more important creeks being Ware, 
Scimmins, King and Queen, which cut back into the several Columbia 
terraces. The greatest elevation of the Sunderland terrace, at the north- 
western corner of the county, is about 110 feet. 

Qeology. — The Columbia formations form the soils over most of the 
county. No formations older than those of the Chesapeake group are 
visible. Along York River the St, Mary's and Yorktown formations out- 
crop, and at Yorktown, the type locality of the latter, and 3 miles up stream 
the bluffs are full of shells. Firm rock composed almost wholly of ground- 
up shells makes the base of the bluff at Yorktown. The bottom of the 
Chesapeake group lies 180 feet below tide water in the northwestern corner 
of the county, and 550 feet below in the vicinity of Hessick. The 
Famunkey (Eocene) greensands and claya which underlie the Chesapeake 
formations are about 100 to 200 feet thick. Their base is approximately 
400 to 800 feet below sea level. Upper Cretaceous beds undoubtedly under- 
lie the Famunkey, but their thickness is undetermined. The base of the 
Potomac (I>ower Cretaceous) group lies possibly 1,200 feet below tide 
water in the northwestern part of the county and 2,300 feet below in tlie 
southeastem. The total thickness of the group in the eastern part of llie 
county is fully 1,300 feet. 
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UNDEHGHOUND WATSEB. 



Distribution and quality. — The Columbia formations all carry more or 
less grouDd water, the depth to the water table, the yield to wella, and the 
quality of the water differ with the location of the wells. Wella ou high 
ground, away from a terrace seep or creek valley, obtain soft water from 
the Sunderland or Wicomico sands within 20 feet of surface; other welle 
may go 40 feet to water. On the aanda of the lowest terrace, east of York- 
town, welU are only 8 to 15 feet deep. The water is mostly soft but in 
places is iron-bearing, and under marshy tracts along tidal inlets is 
brackish. Dug wells on this terrace sometimes fill to the top. Where, near 
terrace scarps or stream valleys, the sands of the higher terraces are thin or 
contain little water, dug wells go through them and obtain ground water 
from the Torktown or St. Mary's formation. This water is at many places 
hard or irony. 

Artesian waters underlie the whole county. The sands in the Calvert 
formation of the Chesapeake group, in the Nanjemoy formation of the 
Pamunkey, and in still lower formations, have been tapped by wells on the 
north bank of York River, but, according to reported depths of wells, only 
those in the Chesapeake group have been developed in York County. 

The supplies obtained are of good volume, heads range up to 30 feet, 
and the quality is generally satisfactory, the mineralization being greatest 
in the wells farthest down stream. A slight sulphur odor and a high pro- 
portion of bicarbonate of soda are the prevailing characteristics. 

Springs. — Seeps and small springs from Columbia sands feed creeks 
that flow to York River^ but are of little economic importance. Most of 
the larger springs flow from shell beds in the Chesapeake group ; a few are 
used for household supply, and some of these can be used to better advan- 
tage by rams. 

Wells. — There are many driven wells, and a few drilled wells less than 
100 feet deep, on the low expanses of the Talbot terrace in the southeast 
end of the county; there are a few deep drilled wells along York River; 
elsewhere dug wells are used to reach underground waters. The relatively 
small number of drilled wells is a result of the small amount of low gronnd 
on the south bank of the river, most buildings being on high ground. 

LOCAL 8DPPLIE8. 
At Yorktown there were in 1906 bnt 3 dug wells ; one on the bluff is 60 
feet deep, the two othera at lower elevation are 40 and 14 feet deep. 
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respectively. All three go into shell beds and yield hard water. CistemB are 
the uBual sonrce of domestic supply. A drilled well on the beach, 750 feet 
deep, yields 1 gallon per minute through a 1-inch pipe. The water is con- 
sidered good. 

At Messick a drilled well 60 feet deep found a flow of slightly irony 
water in sands lying either at the base of the Colnmbia or the top of the 
Chesapeake group. Particulars of the wells drilled along York Eiver and 
its tributary creeks above Yorktown are summarized in table 5, They draw 
on sands tapped by wells across the river in Gloucester County. 

One of the more notable wells is that of A. G. Harwood. This well is 
400 feet deep and the flow has a head of over SO feet. 

Conditions reported from a number of places in York County that rely 
on dug wells are summarized in the following table: 

Details of dug wells in York County. 



Depth of ' 

(Feet) 



20-60 S h a 



and marl | Hard 

o w, saud ; | Hard 

deep, marl. ! 

Sand Soft to brackisii 

Sand and marl Soft to hard 



Conclusions. — The artesian water prospects in York County vary from 
good to poor. In the western part of the county good Hows can be obtained 
from Chesapeake, Pamunkey, and Potomac sands down to 1,000 feet or 
more below sea level, and the resources are practically inexhaustible. 
Farther east, as indicated by deep drilling in Warwick County to the soutli, 
and in Gloucester County to the north, the Calvert sands probably grow- 
fine or clayey; they yield little water, and this contains a decidedly high 
proportion of solids in solntion. 

At Yorktown the same sand that is tapped at Gloucester Point yielded 
little water and the flows from the sands reached by the 750-foot well on the 
beach were disappointingly small. Stronger flows may perhaps be had by 
going deeper, but the water will not be any better. Heads will not be over 
30 feet above tide and to raise the water to the top of the bluff pumping 
will be necessary. 

On the low ground that begins 4 miles below Yorktown the same con- 
ditions probably prevail as in the east end of Gloucester County, Fair 
water, that will rise S or 3 feet above tide, may be found in the Yorktown 
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formatioii by wells 80 to 100 feet deep; but little or no water will be 
found in the lower half of the Chesapeake, or in the Pamunkey. Deeper 
drilling will find flows in Upper Cretaceous or Potomac beds, but the 
water will be highly mineralized and at the wells farthest eaat decidedly 
saline. There is no reason to belieye that better water will be found below 
1,000 feet than above that depth. It probably will not pay to try to 
develop the sends in the Potomac group anywhere in the low ground below 
the scarp that runs across the peninsula from Kewport Xews to 4 miles 
east of Yorktown. 

TABULATED WELL DATA. 

The following table (5) snmmarizes the information collected by 
correspondence and field work in regard to a large number of wells in the 
Tidewater region of Virginia. The list is very far from being complete, 
no attempt having been made to procure information r^arding every well 
or even a majority of the wells at places where much drilling has been 
done, such as Colonial Beach, West Point, and Franklia. The depths, 
heads, and yields printed are in general correct, but some, because they 
were given from memory by owners, well drillers and others, are little 
better than guesses. Where figures reported by different persons varied, 
the more probable figures were taken. The authority for the items relat- 
ing to each well is shown by the letters in the fifth column of the table, 
standing for owner, D for driller, and M for miscellaneous — some third 
party — in many instances the local postmaster. 

In tables 7, 8, 9, 10, and 11 are assembled available analyses and field 
assays of water from some of the wells listed in table 5. Information regard- 
ing the mineral constituents of the water from some of the springs men- 
tioned is segregated in table 6. 

Attention is called to the fact that some of the assays and analyses are 
more reliable than others, but the writer has not attempted to designate 
those that he considers the most carefully made. As regards the field assays, 
which are distinguished by (F) after the name of the analyst in the last 
column of each of the tables, they were made with the apparatus devised by 
the U. S. Geological Survey." The determinations practicable with this 
apparatus differ widely in accuracy. The writer's experience is that the 
determination of chlorine can be made with most precision, and that the 
accuracy of the determinations of iron, calcium, sulphates, or total hardness 
may be seriously impaired by substances in solution interfering with the 
reaction that should normally take place. 

oLeightoD, if. 0., Field Assay of Water, C. S. Geol. Survey, W. S. Paper 161, 
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Results of all analyses and field assays are stated in parts per million 
and in ionic form. Thus, a water containing dilute solutions of bicarbonate 
of lime, bicarbonate of soda, sulphate of soda, sulphate of potash, and 
chloride of soda (common salt) has its compositiou indicated by so many 
parts per million of calcium (Ca), soditun (Na), potassium (K), bicar- 
bonates (HCO3), sulphates (SO.), and chlorides (CI). 
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-Data of wells in Coastal Plain Province of Virginia. 
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Table 5 (Continued) — Data of wells in Coastal Plain Province of Virginia. 



PrlDclp^ 


waUc bed! 


I 
i 


'Sgnsr 




OniUtj 


u«. 


"•- „S1 


Flow 


PuiaD 








+17' 
+10 
+10 

DOWB 


QH. 


..l. 


•P. 










Hi 










iiai'a. br'addiH, iiony 


Wublni ojittct 

W.«hlni oyfltera 
Domestic 

asf. 
















Sort 








* 


+5 






















S 








_^____ 








Domostle 

Domestic and itock 




I 


M 


SUsbtlT aulpliur sad Iran-bearlnE 














10 


W 


Slightly sulpbur and Iron-bearing 


Dommtlc 




:: 

;; 


+4 






'"'w-i 


8 


eo 


SllsbtlT aulpbur and iTon-beaiinit 


Domestic 
Domestle 

Domeitle 

Domestic and slock 

































hSDv:::::::::::::::::::::::::::::::::;:: 
















» 








Xoflow'nliindoned 
No flow, abandoned 


















+B- 
+1« 


a 
























Domeitlc and itotk 




J .. +8! 




















; ■■; +e 


J 


M 

W 




Domestic and stock 
Domestic and stock 
Domestic and stock 




mm ^SZl^i ::::::::::::;:: 










8 .... 




W^^nj, oystors 






V^^l^i^!'.'^:. 






1> 




















is 
























t-6 




« 












Domestic and stock 


































J '■'] +m 




16 
















'"" : :■:::::::::■:• 


















I 












BotkBtMIt.... 


Bowt 








Solt 


Domestic and (iMk 



yGoogIc 



UNDEROEOCND WATEB HESOCHChS OF COASTAL PLAiX PltOVlXcl 



Table 5 (Continued) — Data of wella in Coaatal Plain Province of Virginia, 
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Table o (Continued) — Data of wells in Coastal Plain Province of Virginia. 
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Table 6 (Continued) — Data of wells in Coaetai Plain Province of Virginia. 
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Table 3 (Continued) — Data of wells in Coastal Plain Province of Virginia. 
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Tarlk 5 (CotUinued) — Data of wells in Coastal Plain Pwcince of Virginia. 
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Table 5 (Continued) — Data of u-ells m Ooastai Plain Province of Tirginvz. 
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Table 5 (Continued) — Data of welis m Coastal Plain Province of Virginia. 
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Table 5 (Continued) — Data of wells in Coastal Plain Province c/ Virginia. 
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Table B (Continued) — Data of wells in Coastal Plain Province of Virginia. 
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Shoal Bar 3niJ. E. J. P. Tower W. Wilson 

8boa1 B«7 ^ml. N. W. D. Turner 

Smttbfleld Smlthfleld Mlaerol WatSTi 

Zunf ' oeuS. J. U. Darden J, T. Moore ., 

Zonl near Town ol Zunl J. T. Moore .. 

Zonl Sml. £. Uc. Ovmel ObrlitlMi Ob. J. T. Uooia .. 
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WELL DATA. 

Table 5 (Continued) — Data of wells in Coastal Plain Province of Virgin 

i ! ; 



PrlDclpal water beds 



QoBiitr 



H...,., 


(ormstlon 


■1 


Flow 


Pump 


1 , 








..U|.p.tmtB(* 

..dTCTt 


Fl. 


Qal. 


Qal. 


•F. 

»4+ Soft, 

Soft 




DrlnUDK, houM- 
hold, etc. 


Delowtock... 





... St. Uaryi... 
.,|Upp«rOrataci 



Sand ........... -'UpperCretaoeoiu +32 

Dark treen saod Pamuakey +'M 

Bock Paniunkejr(t>... +18 



■!j|..."...«- 



Porous rock....'. Pamunker +S0 



. . Newark INot used 



Black and vbite 

sand ( 

Black and white 







... m 


s.,.. 




Hotel. nKdlclna] 





.. DrlnklDe. medicinal 
..Drinking, medicinal 
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DNDEEQBOUND WATBH RBSODKOKS OF COABTAI, PLAIN PROVINCE. 



Table 5 (Continued) — Data of wells in Coastal Plain Province of Virginia. 



I 

u 



S. s s ° 
S 3 a t 
5 I I S 



JAUBB ClTI 

Oroakai Sii "nl- E. W. H. Davto 

nucoDd Jml.8. — Briek Oo. .. 

Lee HaU iml.S.W. Dakt A Smith.. 

Lm H*J) Iml.B.W. Oulu A Bmttti... 



JameatowD ■ 

Jamestown . 



..iColeman WbiUkor. . . ' i; 

.. H. E. Shtmp 1 

--'H. E. ahimji C 

■ a. B. Hhimp AS. H.' 

Fettertioll IC 

-.8. H. Petterbolf 'l 

■■ H. E. Shlmp 1 



. Otiarlaa Ballar 

Amo. Prewrvatloa of 
Va. Antlqnltle* aydnorPumpAWeUOoJo 



iJ.BE. O. P. Ayers Frank Oar 



Jamestown . 

Jamestown . 
Jameatown , 



.IHml. N. Cbas. Babcock Frank Oarman . 

.. %ntl. E. iMias L. J. Banur 

, Iml.N. O- I" Bnrleaon Frank Carman . 

. IHml.NE. ^■,<*'^' n'li. ^""^ Cannan . 



I leoe 1! S9) 



. o 1908 IB no . 



CDl. E. 



UIbs Boae D. Jobnaon... 
SonUiam Lan 



— McCoimlck ., 



Mm.H.W. 
14 mJ E. 



Light 
wmia- 
WILIiaa 

WIIUBPieburg .. 
Willlamsburc .. 
Wimaniiburg .. 
WlUlamabUTB .. 
WlUlamsburg .. 

KitJO AND QUEIN' 



King and Qaem ami.S.W. 
Little Plymouth Snil.S.W. 

kfantapike Kml.S. 

Plalnvjeir sml. K. 

Shackellord Vi " — 

ahaekeltoTd :3(4 

Walkerton 



n Hnntint Olub. S. H, I 
State Hofplta],.. O. VaJd. 
State Hoapltal... 'Frank ' 



'. 'i nil. w! ""lUl' 

near Cbeaapeake 



. Frank Goold... 

raei omiui 6. Valden 

I and Mary OoUege Prank OoQJd,.. 

]en Frank Qonld... 

isbuTt Knitting 



BWE 



. Frank Feam... 



. P. P. Wllarci Frank Eaton.. 

. H. B. Gray Joseph Byland 



3 3W 




3I» 












T::::: ::::;::::;: 




S aw aever'l »« 


e iffi 




iSB 


I ^ 


■". 


lao 




h M 


IflO 


as 








iliisas 




«, 






, 
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WELL DATA. 311 

Table 5 (Goniinued) — Data of vieJh in Coastal Plain Province of Virginia. 



Qravel 0»lvert.., 



. . DomotH; sad atook 
..'Boiler 



Houaetiold and 





CalTttt (?)... 
Calvert (!)... 
0»ly«rt (?).,. 


..'+«? 


24 
3 




OS 

u 




atosk 






a tack 




















1 ■ ■ 




00 




atock 




OalTOrt (?),.. 






DtlnkinB 






gj^J^ 


'. +40 




"ao" 

,00«?) 
100+ 


a? 








HiidVi^y:'.;:".;;::"':": 


"!!!"!, Drinking, etc, 
Fee utBDuIactarbie 

Boiler and waaldne 




Oslrert 

Cali-wt 

Oalvert 

;PBD1Unk(7 (?) 

ICalvert 

Pamunltey.. 

PamoDki-r .. 


.. +38 

.. +to 

■-.+58 





Coa«,'m«." 




Ailalina 


not iu«d 












n™ ""■ '""■^ 










Calvert (?).. 
Calvert 

SaS:::::: 


.. +30 

::,S 

■ ■ +K1 


f 


K.-ia;i.iv ■::::::;:::::;:: 


iCaonlag factory 


























Pamunkc; .. 

POtOJDM.... 


.. +S0 


iS 


. 


























■hflla 




Household 



UNDEHOKOUND WATEB RfiSOUECES OF COASTAL PLAIN PBOVINCl 



Table 5 (Continued) — Data of u 



n Coastal Plain Province of Virginia. 



PpBtodlce 



11 



I I I-, I 



I I 



..iFrank Eaton... 
..Frank Eaton... 






Imi.E, Jobn N. Brlaod | Joseph Roland o 

near .Ulsa Lucr Sticr iJoseph Rf land M 

near B. M. Trioe 'PraQt EaWn H 

near Mrs. Marj Turner jFrank Ealon M 

near IH. H. Walker H. E. Shlmp O 

near Urs. HeMUe Walker M 

near Iwalkerton Plekl* Co W. H. Walker M 



KISO UBOKOE 


' at 




Jo„... ™, 


„ 


™ 




S°a'tSfaa-i^toi. 


2ml. E. 


;i.^r"r":::::::. 

p. H, PembertoD 






S; 








Uatblaa Point 


.Ic. W. Waleolt.... 




B 




near 






M 


iS 




pluok 


J hn B 




















; ?f 




Port Conway . 




. HmnmaU ft Hale.. 


20 


Rollins Fork.. 


Smi. S. 
1 ami. E. 


Vukan Fire Brtek Co.. 


1 




IS 




Sealaton 


John Curtis 


.|Geo. HefiiQ 


.. I) 


30 


Aylett 


near 


J. C. Poi 


. Joi. Ryland 


. i> 


ifw. 


■li 


Ayletl 


near 


J, B. Moore 


.H. E. Shimp 


- 


IWNl 


3$ 


cohoke ::::::: 


pearM. 


Cohoke CInb 

l»r. Ed»arda 


'. U. E. SbEinp'!!!!! 


■.a 


1I4M 


s 


Cohoke 


imi.B.E 
oearW. 

Himfs 


J. W. Johnson 


ill 


'■ D 


11 


» 


KiiiB William,. 


Kfn''r«imam'<tomti:. 


"... 



Lester Manor,.. 



. Sbimp . 
. Shlmp . 



»*' 
















l!t 


2» ... 




STB ... 


IS 
... MO 












>H 







m I Hi 22* 
S75? Hi 
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WELL DATA. 



Table 5 (Continued) — Data of wells w Ooastal Plain Province of Virginia. 







iFt. 


8al. ai 


il. -P. 






1 






.i+3S 
.|+3S 

y+hi" 


114 '.... 


.... «4 
'.'.'.\\n 










Isott. atkallM. 


»ulphur 


ISJgf ElSS 








fS&-:;::: 


























































5 ,... 


.... to 










PunoDkey 






















Soft, sulphur. 










«i 










Potomac 






















Potomac 


:2l 

: +29 
:+ji" 

.'+3S 
. +30 










stock 




. 114 '.'■'.'■ 

y. .... 

Hi .... 


.... BS 

.... aow 
.... mu 






Irrie'ation '' 














Pamuaker 






too Ironr 












PamuakejF 

FamoDtor 

Potomac 

,.. Pnniunkay 

DdPamoDksr 

■■Pamunkey 

...P«mQnk.T 

:::?=Kf::::: 










Soft, illghtly 


mluhur 


CBunlDg Jaclory, 

domes tk and stock 




Soft, BUlphur 




























'Sole rock" 


A 








"' *" '■ ' 




So(t 




««k 


""vi".'.'.'. 


.... (B 
.... flO? 


'*''" 




DrlnktofT and stock 








'•;•> Bow not „ggj 


"Shelly rock" 


-P«mimk,r 


'. +3(t 


litocH. formerly 






















stock " 
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VNDEEORODND WATBH BB60DRCB8 OP C0A8TAL PLAIN PROVIKCE. 

Table 5 (Continued) — Data of wells in Coastal Plain Province of Virginia. 



n 






s . I' 9 ; s 't 

I '5 1: 1 !s 



KING WlLLIiK 

— Cont. 
LmMt Minor.... 
Leatei Hanoi — 



t Point ,Wi 



. J. A. Bobiiu... 



lI.8w!j. H. MonUsue 

CICj 'Frank E. Feaice... 

...ic.ltv 'ChBllonw Wind Mill 

Feed Oo. « •eUa: 

Denmead Btoi jFriink E. fesrce... 



fsnU... 
'. Qatowo 



, Frank Smltb.,. 
. PraDt BmlCh... 
. V. Bray 



.t Point 

It Point Iml, 8.1 

,t Point «ml.E 

,t Point l^4^ll. S. T. O'Oonner 



..^ml.S.E. G*o. 





SSMI' 




- i'.'ppiuik "ainiHi!!! 


::m 


















Puller. 


rtin-i" 


■ J, Prank amltli... 


■• " 



«04 I 10 S3S 



;. United Stares , 



It Uml.S. Wm. Wheeler 

It Kml.B.E.E. Wilkinson 

"Southern R. R. had aboDt IS waUi. 
"Initial Head te feet. 
> FU>w at first 20 gallons per minute, 
"fcniblned yield of wells. 



. Prank E. I 
. J. Prank 8 



I In.. Ft. ' 
S 200 .. 

1)4 3se .. 
I m' iBG 
i 3 3r 

"i 

Hi 105 ,. 
Hi 158 
IH 

VA '.'"■'.'.'. 

I Hi iro .. 

''iii:::;: 
I Hi 

Hi- 

, i'4 lun 
lii'ieo" ■" 

i« 

Hi 

« 120,,. 

' S 1» ' . 
■ Hi 185 ' 

i >», S>6 j 



,y Google 



WBIJ. DATA. 



Table 5 (Continued) — Data of wells in Coastal Plain Province of Virginia. 



Ft1[ic)[i*1 iTBtei: bed* 



UateilBl 


'' (orZL 


1 

it 


Plow Pujnp 


1 


QoRllty 1 tJwe 

i 


Onewind 




F,. 


»^'"-- 


•». 


u 


1 












PotomM(r).... 

iPotomacn) .... 
Potomac (?) .... 


+S9 


814 

%\ 









%Vuf^°'. 


UooHbald, boiler 

Ho'iSJ'hold'^d 







M ISoft DrInUne 

' .'Boiler 

K HoiBdiold 

a7« I jHouBBhoia 



. .iPamimkey 

..iC»lT«rt 65 

..Calvart +M lO? BS 

..IPsmnnkey +zo ' M)i 



. . Calrert ' 'Soft, nilphur 



..Soft Drtaklne <j 



-I esi ISoft Part fl 



. lee mis-. drlaklnE 
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UNDEBGKOUND WATER RESOURCES OF COASTAL PL.4IN PROVINCE. 



Table 5 (Continued) — Data of wells in Coastal Plain Province of Virgin 



B«rtraDd - 

IrvlnBton 



MertT Point ■. 

HillCDbeck .... 



. nenB. T. J. BaUllffe & Co... 

!j. O. Ewen i2 wtDD... 

ilml.K.W. 'Carter Creek FTab Oauio| 



't. J. Raldlfte 'O IfSa I 

L. T. Custer O IBU3 ' 



ill 

' 5 I . 



. UtUlgui... 



Tter CiMk Ttth Quano, 

t. 'o(*f."H."iVaQei«!" eV Hyiimiean'; 

C. of I. H. Fraai 
. A. DameroD & I 
saick & Qimbr... 

'b. H, MIUtEan 






rall^. Jonea A Co... 





HODBskoD 




W«iiu 




whSSs :: 


...IHoiJ.W. 



n. L. Parlnh 

J. F. BellowB 

Btllnva & Saulru It. U. UilUgaa... 



.is, LaoHord-TuU Co. I 



I PaFklne Co... 



Wbltcatonc ... 

Fltchellh 

Mathem '.'.'.'.'.'. 

Malluiits 

MaHiew8 

Port Haywood 



( m™ . 



II. F. Shlmp... 

Haijimi']] & Hal 

IVin. S. Jobnai 

II. v.. SMmp... 



300+ . 



I 1«M 10 11£± 



3-2 100 . 
3-S 100 . 
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■■■/-■.■."■-./. /*'ft .*^»t? 



■"r 



'»«t. '""ton. 



■■ /?■«'■-■■ 
-■:-:r--:::::--::iSI^.. /%,••■ 

■■■-0.1. ■■ ■*"... "■■■,'■-/■... / i9nt± ■■■■■.. '"■■■.. "■■ 




»°/C, 



"«'*. 







^^^.J-S^ 

■■-.. ■■,-Vep"*to(- "'Op, 

"■-. 'Aec«_ ^Sflri' ''Off, 
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I'NDKRO HOUND WATER RESOURCES OF COASTAL PL.\IS PBOVISCE. 



Table 5 (Conlinued) — Data of wells in Coastal Plain Province of Virginia. 

I'l 



Ooilntr 
FottofBce 






i -2 

- ' \H 

5 1 S Is" 



s I, « ' J ■ I 

I 111 I I J 



. L. Farlnliott... 



a BroB lUBmmell & E>1«... 

. Bland tt Co.. 



,. HtmrngU & Hale... 






I. A. Tarlor J, W. T. BobtrMoa 

. S. CbownlQB 'H. B. Bhimp 

. W. Hurley 'k. H. HIUIkui 



. !i ml. £. lUosklM & IMoaldiOD.... G. F. Beaitltj... 



, Dr. Livlni LangtoTd... 



Plum Paint 

Plum PolDt .... hi 
Providence Forge ti 



.. E. E. Wagner.. 
. . Naaaemond BIti 
I * TUe Oo. ... 

!. Gay MTt Co.!i 



.. L. B. WagemaD... 
..'Ponetl & Son 



Hunting Ciab . 



I. E. R. E. Rlehardeon 



..lE. E, Waitier ' D 

..!e. E. Wagner I D 

.! C. U. JobQBon |o 

,. E. E, Wagner 'd 

„: lO 

.. A. B. Cramer .. 

..iSydnor Pnmp * Well 
I Go .. 

.. Sydnor Pump i Well 

I Co 

M 

.. R. H. MlUIgan D 

..Geo. BeOEn 

.. Sydnor Pomp & WeD 

Co n 

.. II. E. Shimp M 

.. II. E. Shimp dI 



ISM I 30 100 



■ Pt. In. Ft. Ft. Ft. 

WM- ,...1 

I MO 114. 

'Ma m Ml J none OS 



■ 1"4; 60 '.. 

I 1>4 100 50, » I 



ISM I n5 > 300 



I 59 a»t I e 



aeo 4^ £6G 
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Table 5 (Continued) — Data of we}ls in Coastal Plam Province of Virginia. 



I" I 



Men rock Calvert... 



.. Ooliunbl>(?) 
.. PamuDkey .. 



. iDDmeatk. itock. 
packlDE 



..'Hard (?) Drlnktoj; a 



,. Catrert i Soft, i 



.. St. Uarya +9 



. BoUer. plckUug 



..No llov, abandaDMl 

. . HOUB^Id 



■ Uounhold B 
. HDHSehold 



















1 

0pperOrBt»ceou»l+3B ... 


... U 








«S 








... IDS 

































+40? , 8 












58? 


















+IS^ 1 




eoH 


.store, boiueiioia 
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T.iBLE 5 (Continued) — Data of welh in Coastal Plain Province of Virginia. 



EW Kent— Con L 


Srdnor Fnnip « Wall 

H%."8hiip::::::::: 


1 


s 

1908 
1SS3 




£ 
ne 

S15 
£20 
ZOO 




1 


f 




DaMB.E.Souttmi BtOotj 




1 iH'ira 
2 soo 








^- ^- ^"°'' 






■OBFOLK 








H4ml. N. Pocomokfl Qnano Oo... 
N. Booaoke B. B. * 







IBOB 


' 


8S 
616 


214 W 
1* BB 

. a ao 
s n 


]£ 






























iiii: K,- ?!" Er HSfT."!^..?:: 


'jVeVhVu: ::::::::;: 


" 


lom 


^ 










Lunb«rt F»lnt.. 


Norlolk A WsfMnt B. B 


A. L. Mmer 

SnrfolkHlK. ASupplj 
On 


o 

M 


1906 


!! 


e m 

!W 10 


MS 








none 




N ( Ik 


CIt 




FortsmDutb ... 


Portsmouth BetsU 

Lumber Corporation. 


Olio' "B'Baaiiag. '.'.'. 
T. M. Ward 


il 






'^'ca^'cbZ'!^... 


•«■" ^IToKiTV..,. 






a 

BO 



yX!>e Chsrln Wh>rtOD Flitierlai Co.... B. H. Ullllcui » > 

3ape CLarlM Scott EataU 1 

Town and 17 well) EfUph WlDdmlll Co. U. 1 

3B|ie Oh»Hf« HecUe A KelloKB ,M - 

. T. BoberMon f l 



Bone IslBQd Sml. £. AshCon Stork* 

wmie Whart.... W . Ballard . .. 

"InlHnl flow i» KKlloIU. 



W. M. E. THehman'D 1 

!!!!!!!!!!! j' w! t! Eobsrwon'r) i 

!irelli)...J. W. T, Bobertaon -V 1 

O ] 

■■■ J. T, Walk ler.... - vJ?_i 
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WEIX DATA. 3S1 

Table 5 (ConUnued) — Data of welU Mt Coattai Plain Province of Ytrgima. 



'ii 





.+1S 


o«. 


Bal. 


n 




























ISi*"' isss? ■ 


1% 






























±0 










ddom-tk 












s«a 




+10 
+6 

'+a 
















. 70 










Domntk. atoek and 











UbUu kltee 


^T'^'" 


■a 








DriDUni. wuhtv 






Sud Mia «t«TOl Oolmmbli ..... 


1" 








Drlokfav, boUn 










Oolnmbl 




















+1 


10 


» 








Oravd Kid MDdSt. Mam (D. 




B^..M.K 


m ■china tii'opi 




Town roppl7. miA- 

IqS [OS 
DomtMIe uid tta«k 

Dottmtic 








-» 

+* 

+9 








Good 
























2 








DomMlle Bod itook 
DoDnrtlc 








tott, iitahiij «itehin*«B*ii 























Sbelli... 



. . Obwaptake . . 
, . Cbeiaptake ■ . 



..Bott, allgtitlr mlpbnrMUd... 
,. Hard 



. .Boata. domestic 

acCI driiik[uB 
. DilnUng, au. 
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T.VBLE .1 (Continued) — Data of wells in Coastal Plain Province of Virginia 



NURTIILMHEH- 


near 


A. M. By«i 


CUM. H. JODM,,.. 


. M 


1908 


Ft. Ft. 
5 SOW' 


In. 


Ft, 


Pt. 


Pt. 




IH 


2«B 

!ao 
wo 

300 








"•" 


T. H. PolUa 

T. H Fillln (a w*U!i).. 


T 


is*..: 

H, P«mn 


: M 

n U 


1888 

inos 


.... 1S8 






2W 
































""'.^..^ 


S. Co««rt 


HMr».ll * H.le.,. 


Hi 


310 


sn 


ISO 






Co*«rtj 


L. Hedtej^. 

MrniH ft MeXful Co.... 


R 


"H.'Miuiiiin::::: 


MO 






FaJrport 


iio" 

no 






\ mi. 8\ 
a mLS.W 


Fkwl- Polnl DeveL. Co.. 
W. C. Know 


R 


H. MHIlgsn 

H. imiiB.D 


I 


m 


. T« 










'^ 


S2.V 


9m' 


".r. 




HFuclnlh 

Uoi.PMldr 


T^?iii,t2rr:::: 






to 




r. R. l*wlfl « Co 

Km). Chanibem (3 <relL< 
Ulnt.i,:.ToHl...n Oil A 


i. 




s^ 

m 


dii- 


i™;- 






■tml.H 


100 




H. Mllll^iin 




,..„ 


,. ™ 




fiOO 




-"■■"■«■ 


Ilaynir ft Snow Co 

■In/ C^F^^her 

Ml-xc.«'i.EdwBrd. c.;::::: 

Alh-rt Morrill 


R. 

r: 


1. MIlllKaii 

l'. MllllBin!;;!! 
H. UmiKan 

H. MllllRBn 


T> 


lire 


,:: 1 










(82 


!«) 




g;j|j:j]]j 


Me 


«0 




RfedvrLU. 


....-.'■'.. 


nonr 


OSD 


Prin.kss Anne 










iMtn 


" Z 


' 




























Korfott CItT W«t«T Wta 


r. 


I,. Psrkfr 




IS- 


.480 


TSS. 
,22T, 
,7SD 
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WELI, DATA. 



Table 5 (Continued) — Data of weJIs in Coastal Plain Province of Yirginhi 



Priiwlpal iMter b«d» 



M.t«1-I 


lon^itlon sl 


Dob 


Pump 


1 


--- — - 






Ft, 


Gal. 


Gal. 


•P. 


















.5 




88 










;::::::::::::::::::: 


Canolnj taitorj 


























































.OslTOrt (?) 


75 
« 






,«"" 


Boiler at iWi 

lactorr 


















Sand 




Mii 


iHott, atkaline 


~.:s-.sr«' 




Sott, nUpbUT 


and stock 

DrlDklDK 












B-18 




























02 






Bock at 900 


Dp|wrC™t«ceonB +« 
Calvert 

" UppflrCMticeo'na 

: SESSSS :::::: 
■SKSSSStS 


1. H 
....... 

18 
H) 
15 

40 








s«d:;::::::;: 


M 




Sott' 

Soft, alkallD* 

Sott 


HouMhoW and 

: Block 

WBBhlnr OTsters 

FlsS laetorr, 

bolter and driok- 
1ns 
































n. 






. and driokLB 










.Ooriunbla 










Washing, ate., no 


Saod 
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Table 5 (Continued) — Data of wells in Coastal Plain Province of Tirgima. 
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WELL DATA. 
Table 5 (ConUnned) — Data of wells in Coastal Plain Province of Virginia. 
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Table 5 (Continued) — Data of wells in Coastal Plain Province of Virginia. 
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WELL DATA. 3ii7 

Tajile 5 (Conlmued) — Data of wtllB w Cotutal Plam Province of Virginia. 
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Table S (Continved) — Data of wells in Coastal Plain Province of Virginia. 
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Table 5 (Continved) — Data of wells m Coastal Plain Province of Virginia. 
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Table 5 fContinved) — Data of wells in Coastal Plain Province of Virginia. 
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Table 5 (Coniinued) — Data of viells in Coaetai Plain Province of Virginia. 
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Table 5 (Continiied) — Data of teeUs in Coastal Plain Province of Virginia, 
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Table 5 (Continued) — Data of wells in Coastai Plain Province of Virginia. 
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Table fi — Analyses and field ansatfs CF) of water from springs. 
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AKALYTICAL aPHIXG DATA. 

Tablk 6 (Continued) — Analyses and field assays (P) of wnter from springs. 
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UNDEEOEODND WATBB RESOUBCES OP COASTAL PLAIN PROVINCE. 

Table 6 (Continued) — Analj/se« tmd field aaaays (F) of water from springs. 
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ANALYTICAL SPRING DATA. 

Table 6 (Continued) — Analr/Kes and field asaays (F) of water from springg. 
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1'able 7 — Analyses and field assays (F) of mell water from Columbia formations. 
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AXALTTICAL WELL DATA FBOM COLUMBIA FORMATIONS. 



Tablk ~ (Continued) — Analyses and field assays (F) of well water from, Columbia 
formations. 






y. i::::L.: 




^ 


1. •• 


i!kt)i:::: 


■:::,^t, :::::■:::::: ::::c:i .: 








:::i.!rr. ::::::::::::;:::;:::...:., 



..110. I200. 1«IW 



I. Sauford <r) 
;. aantord ^J^ 
I, 8«Qft.rii (F) 



WMS. SonlOTd <r) 
..190SS. Banloid (P) 
Baldiiln Locomotive 1 

Uoe H. Hanlord (F> 

IMMS S. Sultord (F) 



Baldwin Loeomotin Work! 

" SaDford (F) 



m!s, Suiford (r) 
MIS. SsDtord <F> 
M S. Santord <F> 
.. S. Saatord (F) 
M s. Sanlord (F) 



..leoo'U. B«iitlar E 



..I !l9HIH. B«atla; i 

U<H|H. Bantler i 

IBO. IMS S. SuitonI (I 



0. I 11. 



U. IMS.S. Sutrord (F) 



yGoogIc 



Um>EBOBOUKD WATEK RE80CRCE8 OF COABTJX PLAIN PROVINCE. 



T.1BLE T (Continued) — An(Uyses and field atsaye (F) of well water from Columbia 
formaUont. 
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Tablk 7 (Continued) — Analyses and field assays (F) of well water from Columbia 
formations. 
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UNDEBOBOUND WATEB HB80CRCEB OF COASTAL PLAIN FBOTINCE. 



Table 7 (Continued) — Analyses and field OMaya (F) of well water from Columbia 
formations. 
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Tabli! 7 (Continued) — Analyses and field assays (F) of well water from Columbia 
formations. 
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Tablk 8— .1 nalyaes and field assays (F) of well water from Chetapeake formations. 
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ANALYTICAL WELL DATA FROM CHESAPEAKE FORMATIONS. 



Table 8 (Continued) — Analyses and field assays (F) of well water from 
Oheaapeaie formations. 
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CNDEHQROUND WATEfi REBOURCES OF COASTAL PLAIN PROVIXCE. 



Table 8 (Conlinued)— Analyses and field assays (F) of well water fro 
Chesapeake formatione. 
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ANALTTICAL WBLL DATA FROM CHESAPEAKE FOHMATIONB. 



Table 8 (Continued) — Analyses and field assays (F) of well water from 
Chesapeake formations. 
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CSDIJIOROL'ND WATBE HESOl'RCES OP COASTAL PLAIX PROVINCE. 

Table ft — Atialyxes and field assaj/3 of well water from I'amunk-ey formatioi 
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ANALYTICAL WELL DATA PROU PAMUKKEY FORMATIONS. 



Table 9 (Continued) — AnaJi/sea and field auays of well water from Pamunkey 
formationa. 
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Table 10 — Analpsea and field assays (F) of well tea4er from Upper Cretaceous 
formations. 
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ANALYTICAL WELt DATA FEOM UPPER CRETACEOUS FORMATIONS. 



Table 10 — (Continued) — AntUysea and field assays (F) of well water from Upper 
Cretaceovs formations. 
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TABLt 11 — Analyses and field assays (F) of n'ell water from Potomac formations. 
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ANALYTICAL WELL DATA FROM POTOMAC FOHMATIONS. 



Table 11 (Continved) — Analyses and field assays (F) of well water from Potomac 
formations. 
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Fluctuation of level in artesian wells, 
64. 
water table, 37. 
Fort Monroe, 96. 
Freshening of deep water, 1 14. 
Function of ground water, 4fl. 
Geographic position, Coastiil Plain, 7 
Geologic formations and their water 

supplies, summary of. 2X. 
Geologic relations, CoaBtal I'lnin dp- 

Geologj- {are vtiiler inilh-uhial nmiiliea). 
Gloucester County, 176-181. 
General description, 175. 
Geology, 175. 
Local mipplie<>. 177. 
Conclusions. IHO, 
Underground waters. 175. 

Distribution and quality, 176. 
Springs, 176. 
Wells, 177. 
Greenesville Countv, 181-182. 
General description, Ifll. 
Geology, 181. 
Local supplies, Ifll. 
Underground waters, 181. 

Distribution and t|uality, 181, 
Ground water, 37-59. 

Areal extent of pollution, 43. 
.\rtesian sands, 56. 
Chesapeake sands, 57. 
Columbia sands, 58. 
Conservation of arte.vian supplies, 



69. 
Flowing well i 



, 68. 



Number, S6. 
Famunkey sands, 66. 
Potomac sands, 66. 

Artesian waters, 61. 

Artesian conditions, 61. 

Coastal Plain an artesian slop<', 6^. 

Definition of, 61. 

Initial bead, 63. 

Ijoss of head, 63. 

Ponded water, 53, 

Source of artesian water, 52. 
Cliemioal composition of, 41, 
Circulation of, 39. 
Deep and artesian waters, 48. 

Composition of deep water. 51. 

Deep circulation, 48. 

Function of ground water, 4fl. 

1'emperatureB of deep water. 40. 
Definition of, 37. 
Emergence of, 44, 

Artesian springs, 46. 

Normal springs, 46. 

Perched springs, 46, 

Seeps, 44. 

Springs, 44. 
Fluctuation of level in artesian wells, 

64. 
Fluctuations of water table, 37. 
Ground water tern pern tu re, 41. 
Normal chlorine of. 42. 
Perched ground wnler, 3S, 
Permanence of flow. 47. 
Pollution of, 43. 
Purity of supply. 47. 

Pollution of spring sources. 47. 

Quality of spring waters, 48, 
Quality of artesian waters, 54. 
Kate of movement of. 40. 
Sources of spring waters, 46. 
Underground lakes and rivers, 41. 
Water table, 37. 
Ground water temperature, 41. 
Hanover County, 182-187. 

General description, 182. 

Geology, 182. 
T.OCB1 supplies, 184, 

Conclusions, 187. 
Underground waters, 183. 

Distribution nnd character, 133. 

Springs, 183. 
Henrico County. 187-192. 

General description. 187. 

Geology, 197. 
T»cal supplies, 190, 

Conclusions, 102. 
Underground waters, 188. 

Description and eharaeter, 188. 

Springs, 188. 
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Hotel Cliamberlaiii; 104. 
Hotel Jefferson, SB. 
Hume, 134. 

Improvement of springs, 81. 
Initial bead, S3. 
Interference, 71. 
Introduction, 1. 

Acknonledgmenti, I. 
Literature, 2. 

Reaulta of invefltigation, 3. 
Scope of report, 1. 
Isle of Wight County, 1021)16. 
Oeneral description, 102. 
Geology, 193. 
Local supplies, 194. 
Conclusions, 196. 
Flowing wells along Black watei 

River, 106. 
Flowing M'ells along James Biver. 
194. 
Underground waters, 193. 

Distribution and quality, 103. 
Springs, 103. 
Wells, 193. 
James City County, 196-200. 
General doscriptiun, 100. 
Geology, 196. 
Local supoiies, 107. 
Conclusions, ZOO. 
Underground waters, 197. 

Distribution and quality, 107. 
Springs, 197. 
Wells, 197. 
.lames Biver. deep wells north of, 09. 
deep wells south of, 106. 
flowing wells along, 194. 
King and Queen County, 200-204. 
General description, 200. 
Geology, 201. 
Local supplies, 202. 
Conclusions, 204. 
tlnilerground waters, 201. 

Distribution and quality, 201. 
Springs, 201. 
Wells, 202. 
King George Oonnty, 204-208. 
General description. 204. 
Geology, 204. 
Local supplies, 206. 
Conclusions, 207. 
Potomac- River, 206. 
Rappahannock River, 205. 
Cnderground waters, 206. 

Distribution and quality, 20S. 
Springs, 205. 
Wells, 205. 
King William County, 208-213. 



General description, 208. 
Geology, 208. 
Topography, 208. 
Local supplies, 209, 
Conclusions, 213. 
Underground waters, 208. 

Distribution and quality. 20.'*. 
Springs, 20!). 
Wells, 209. 
' Lafayette formation, 21. 

Extent and character, 21. 
Origin, 22. 
Water supplies, 22. 
Lambert Point, 107. 
I^ncaster County, 213-219. 
General description, 213. 
Geology, 214. 
Local supplies, 215. 
Conclusions, 2 IS. 
Underground waters, 214. 
Distribution and quality, 214. 
Springs, 214. 
Wells, 215. 
Limits of area ( Nor folk- Xewport News), 

08. 
Literature, 2. 

Irfical supplies, underground watei- 
{see under individual counties). 
Loss of head, 63. 

Losses of heed or yield in flowing wells, 
69. 
Causes of, 69. 
Lower Cretaceous, 14. 
Magnetic wells, 6H. 
Masons Creek, 107. 
Mathews County, 210-222. 

General description, 210, 
Geology, 220. 
Local supplies, 221. 
Conclusions, 222. 
Underground waters, 220. 
Extent and cliaracter, 220. 
Springs, 220. 
Wells, 221. 
Middlesex County, 222-227. 
General description, 222. 
Geolc^-, 223. 
Local supplies, 224. 
Conclusions, 227. 
Underground waters, 223. 

Distribution niid quality, 223. 
Springs, 223. 
Wells, 224. 
Mineral waters, 82. 

Value of, S3. 
Mineralization, Cannes of. 114. 
Miocene, 10. 
Money Point, 107. 
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Moore's Bridges, 109. 

Mount Vernon collecting tunnels, 62. 

Miinicipal water Bupplies, 75. 

Notea on city and town supply, 78. 

Source of, 76. 

Stability of surface and iinderfcmund 

waters, etc., 76. 
Surface wat«r, 7E. 
Underground water, 76. 
Murphy's Hotel, 88. 
Nanjemoy formation, 18. 
NnnBemond County, 2^7-231. 
General description, 227. 
Geology, 228. 
Local supplies, 229. 
Cone luB ions, 231. 
Deep wells north of SufTolk. 23[\. 
Tnderground waters, 228. 

Kxtent and distribution. 228. 
Springs. 228. 
Wells, 228. 
New Kent County, 231-2.'!5. 
General description, :'3I. 
Geologj-, 232. 
Local supplies, 233. 
ConclusioDB, 235. 
Underground waters, 232. 

DiBtribution and quality, 232. 
Springs, 232. 
Wells, 233. 
Newport News, 101. 
Norfolk County, 235-243. 

Geueral description, 235. 
Geology, 236. 
Local supplies. 237. 
Conclusions, 243. 
I'nderground waters. 230. 

Distribution anil quality. 23U. 
Sprinfcs, 236. 
Wells. 237. 
(CorTnal chlorine. 42. 
Normal springs, 4B. 
Northampton County. 243-248. 
General deBcription. 243. 
Geology, 243. 
Local supplies, 244. 
Conclusion n. 248. 
("ndergronnd waters. 243- 
Distribution and quality, 243. 
Springs, 244. 
WellE, 244. 
Northumberland County. 240-252. 
General deecriptioii, 240. 
Geology, 249. 
Local supplies, 250. 
Conclusions, 262. 
Underground waters, 249. 

Distribution and quality, 240. 



Springs, 249. 
Wells, 249. 
Notes on city and town supplies, 76. 
Number, artesian sands, S6. 
Occurrence, and diatribution, origin, of 

underground waters, 31. 
Origin, occurrence, and distribution of 

underground waters. 31. 
Other localities, Alexandria County, 130. 

Caroline County, 143. 
Other wells, 86. 
romunkey group, 17. 
Divisions, 18. 

Aquia formation, 18. 
Nanjemoy formation. ]8. 
Extent and character, 17. 
\1'ater sapplies, 10. 
Psiinunkey sands. 66. 
Patapsoo formation, 16. 
I'atuxent formation, 16. 
Perched ground water, 38. 
Perched springs, 46. ' 
Permanence of flow, ground water, 47. 
Piedmont Plateau, 6. 
Pleistocene, 23. 
Pliocene (T), 21. 
Pollution of ground water, 43. 
I'ollution of spring sources, 47. 
Ponded water, 53. 
Potomac group, 14. 
Divisions, 16. 

Patapsco formation, 15. 
Patusent formation, 16, 
K\lent and character. 14. 
Origin, 15. 
Water supplies, 16. 
Potomac River, King Gnorge Countv, 

206. 
i'otomac sands. 66. 
Prince George County, 262-266. 
General description, 262. 
Geology, 252. 
Local supplies, 264. 
C-onclusions, 2SS. 
t'ndergrouud waters. 253. 

Distribution and quality, 2S3. 
Springs, 263. 
Wells, 264. 
Prince William County, 260-263. 
General description, 260, 
Geology, 260. 
I.:Ocal supplies, 261. 
Underground waters, 261. 
I'rincess Anne County, 256-260. 
General description, 266. 
Geology, 256. 
T»cal Bupplies, 267. 
Conclusions, 260. 
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